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“TURBULENT 


classic’ the late. Allen Hazen, M. 
, stated the ze! of sedimentation with characteristic clearness. 
For ‘sediment. consisting of ‘particles of constant hydraulic value in a com 
pletely turbulent basin (the term will be defined subsequently) Hazen’s ‘theory 
is complete; but actual sediment i is ‘usually far from uniform, ‘toni therefore, 


Hazen’s formulas are not always applicable $= 
The yury ose of this | aper is to continue the anal sis and to develop 
orkable theory which takes into account the variation in hydraulic value of 


ont te bea ad 


he consituent elements of actual sediment | ‘as ‘well as the variation in the "g 


degree of turbulence of the basin. procedure followed herein i such 
t at the formulas obtained “may be ‘generalized to any desired degree; that i a, 

only practicability need limit the number of constants entering into them © 

the consequent of the curves the 


th ch represent the characteristics of the s ‘sediment; 


hich ‘represent the characteristics of basin; (3) those which 


will,” 


ae characteristics and be an aid in the understanding 


.—The sialicld used in th 1is paper are 


efer 


of 


the still basin before at attempting to analyze the in the turbulent : 


— 
=- 
— 
ae: — 
— 
« — 
— 
— 
— 
i — 
— 
the fuid. Lhe se 
ped, suggest experimental procedures for the study of settling-tank 
ence, in the Appendix, 
of Eng. Mechanics, Rutgers Univ., New Brunswick N. J 


tank Assume, then, : a tank of still water of constant depth, which holds 
. n suspension a quantity, B, ‘of solid matter, ‘which has a constant hydraulic 
rs Assume also that atthe beginning of the process the solid matter 
ibuted throughout the liquid and that there is a “quantity, b, 
per-unit-of volume. ~The time ‘required a to fall from a height, 


to the bottom the tank 


time required for a pate to fall surface ist 


ng Equation and the fling 


The quantity ‘ef sediment that falls to the bottom in time, a= ty, isbs4 y A (in 7 


which A is the horizonta area of the tank), and this i is equal , using 


the value o btained for y in Equation (8). Since bAh = B, how ever, the 
qpentity, of solid remaining in suspension at the ‘end ‘of time, a, is: 


ee ee ee ee ee 


polisiige io 


bats 


‘of Subsiae: 
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‘Hazen’s formula. is fundamental importance, all. su 


> Assume now that, instead of a a constant hydraulic - value, the constituent 


particles have values, v, ranging continuously from a minimum, vy, to a maxi- 


mum, ‘vm, and let the time it takes the of kydtaalie: value, v, to 


known what of the suspended s 
value; but this unknown distribution function of the times of subsidence may 


be designated as thus, $(t). dt is the quantity o of 
having times of dabsldenes between ¢ and t + dt; or, what amounts to the 1s 
thing, having hydraulic values lying between v and v +d (see Fig. 1 


Before attempting to determine this function it is well to note some of its 


j 
Tf it is required t o find the innate of sediment, dBa, remaining in sus- +e 


¥ pension at ‘the 2 end of | time, dt, the hydraulic values of which lie between = 
and + dy, ‘Equation (4) and the definition of the distribution function 


yield: 


- ch _ The. total quantity remaining at the end of time, oe be the integral of 


yoo Dhe! integration, | being. with respect to the times of subsidence, must range 


Rg from tm to ty. limit of this is certa first, the 


{ oh 


ad ob 

ty Say, all of on of 45 

values | greater than v, will have fallen 

tom of the tank. Consequently, 
after a time of settling, a = the 
lower. limit of the integral must 
for all values of | a less” than tm; and. pore “water 
a for all values of a between tm and ty. 


Be 
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— 
after a time, a = tm, those particles of |... 
oe 
| 


values of a This 


applies, of ‘course, to the 
is considered settleable and colloidal is probably an arbitrary, 


although: convenient, “classification. In practice, some. ‘upper limit for 
time of subsidence, ty, might be set, particles havi ng a greater time of sub- 3 

“sidence than this being classed ‘with the colloids. If the quantity of 


colloidal and near-¢ colloidal imaterial ‘is ‘Bo, 


he definition of the distribution function it is also to be noted that: 


Equation (8) mere y states that dis sum of all particles of all values 


vm to Um at the beginning of ‘(that i is, when = is 


BO es order to make use of Equations (6) and (7 ) as s they btand it would be 
to know the form of the function, » for the sediment in 


consist in ‘the. wetileable solids” to size and. applying | Stokes 
law (which ‘gives the relation of and their hydraulic 


It will now be shown, however, that ¢ may be determined easily by 
at using its formal "properties, together with the experimental curve for Ba 


‘This experimental sedimentation curve is readily determined; in fact, its 
_ determination constitutes : a large part of the igteucinnania work that has been 


the time of ‘sedimentation 1 found, would give o(t). | 


tion (4)) to lines with very marked curvature given by formulas of the ) types 


‘Equations (6) and These are sketched i in Fig. 3. 
a graphical determination ‘of ott) 


twice with respect to ¢ a, the relation is obtained, 


‘The differentiation is is as vale: It is shown in on 


calculus? 1 that : a wide variety of functions de a 
a meter are differentiable. Assume that, A % 


z _ ® See, for instance, Woods, “Advanced Calculus”, Ginn & Co., 1926, pp. 141-148 ; also, 
“Differential and Integral Calculus”, Ginn & Co., 1911, pp. 
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RINK Fic. 4. 
i hee 
then yh formula f 


dif rentiation is: 


a, f(a) 4 af (a) @ 


© 


4 (a) da 


in ‘which: the ‘middle + has the of upper 


BO = 0 for values 


ing Equation (11) ‘to on 


GB, _ ¢ Ip (a)) dp (a) (a) 


is to. be noted fir rst that $(a) is exactly the same thing as $(t), because 


ham @ ‘and ¢ assume the same values in the range, tm to ty. Since a derivative 


ake “ curve is the graph of the slopes of the original ‘curve, Equation (9) indicates 


&§ how to find o(t) from the graph of Ba; that is, from the experimental sedimen 


i a “In Fig. 4, | Ourve (1) shows the quantity of solids remaining in suspension | 


| against the time, as determined experimentally. Curve (2) has been’ 


— 
— 
or 4 — | 
Equation (11) to 
os dite Be 
ues of a greater than tm (see Fig.2). 
— 
— 


. 


¢(t), is obtained. The result of operation is Curve (4), F g. 4, 


which gives the actual distribution of times of sedimentation of fhe suspended 
solids if the p proper vertical scale is selected | in plotting it. In: ipod case at 


‘that: the area under the! curve ‘the total settleable solids), i 


used because this requires that the analytical expression for the distribu- 


tion function be known when only its graph is known. “However, one may 4 
construct an approximate formula from the knowledge thus obtained which 


Pally 


may be made + as accurate as the data ‘and the labor involved in ‘manipulating — . 


Toe obtain this: approximate equation break up the distribution function 


into ac convenient number of parts, say say as shown in Fig... 1, and take the 


which B, is the. of sediment with’ ‘an ‘average 


, all the sedimen 


Disconrmrvous 


It may happen that the sediment does not have a distribution of 


hydraulic values, but. that there : are n kinds of Particles of quantities, Bs, By 
Bu, with « corresp onding hydraulic values, On 
experimental curve | will then take the form of the broken line, Curve (1) of 


ig. 5. In this case. Equation. a4) | is. the, ‘exact and distribution i 


1440 Jotting its slopes. — ding to Equati 
(1) by plott third. Acco 
obtained from C lotted to obta 
— 
fo 
— 
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— 
20 
| ty 
— 
"tO Une DO less than As ai ssively. 
nas fallen “to lues of a less he Gut. 
alue OF v; only for values of (14) drops out, limit in 
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respect to’ a. Remembe: 


progressive dropping of terms: ak piles sthy 
; 


- (16a) 


a< 


step function (Curve | 


Fi ig. 5) is the result of plotting 
quantities; that is, it is the graph of 
the | slopes of the broken. line, Curve | 
(1), Fig. 5. The differences of every 
two successive ‘values: of D 


expressed as: 


Equation. (18) corresponds exactly; to Equation (9), so that, although the 
step function (6) cannot be. said to possess, 


sponding values of t. These, differences’ are shown by Ordinates 3 of Fig. 


hile Ordinates 4, obtained from: Ordinates,3 by multiplying. by _ the corre-. 


vonding abscissas, represent the disc_ inuous distribution function; that is, 


STRATIFICATION OF SEDIMENT | 
TOT Of DARE TO ‘got 


y. be-well. to note here. that quiescent sedimentation is characterized 
by the stratification that will occur in the upper regions of the basin, At the a 


end, of. time, a, there. will. clear layer. (except, for fine 
depth, Vy as shown i in Fig. 6, From. 


ae Ling the 

Be 
Be 
| 
a 
is 
Ps] 
iii 
— 


bution of. values is discontinuous, and gradual if the i 
‘The vertical distribution of the of suspended matter 


in r= liquid will be proportional ey in Equation (7) or Equ ation: (14), ji 


th case may be, because at a depth, z, below the surface there will be e found — 


material with a hydraulic value less than At a depth greater than 


the density will be what it was the basin. originally. 
$ 


of the settling tank, which i is seldom still. The “important ‘problem of 


sedimentation is to determine the behavior of the suspended matter when a 


Turbulence is defined herein a as the average of 
a “tory motion of the water in the tank. It is conceivable that this turbulence 


“might be defined some function of the average velocity but, for the purpose 


of the following analysis, this correlation with velocity ‘need not be made. 4 
as ‘in the preceding development it was not necessary to determine the 


ee masses or sizes of ‘the constituent particles, so now the turbulence in the tank 
will be considered only : as it affects the hydraulic behavior of the. suspended 


As treated i in this paper, therefore, turbulence is quite a relative term. ig is 


certain amount of circulation : in a tank which would not affect, appreciably, a : 


the 1 time required for grains of sand to subside, for instanee, might be sufficient é 


tion persisted. "From the writer’ point view this | same circulation would 
— two distinct degrees of turbulence, i in this example: One: with respect — 


o the sand ; and the other with respect to the : silt. The “degree of turbulence 


— 
— 
— & 
— 
— 
is 
— 
— 
— 
‘ 
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wi 
— 
— 
= 
me 
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a be picked up and held in suspension, thoroughly mixed. ‘This condition — 
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iw a difficult ¢ concept, but it seems reasonable to make the following ‘simplifica- ; 
tions (an extension of this classification will no doubt = made hvgrrrckd 
the res Its. of future experiments). ROW 


Ass me, first, the s suspended matter basin. of to b te and 


of constant hydraulic value, v. i ‘if a slight circulatory motion be imparted Me 
water, the first appreciable ‘effect which this agitation have wilt 


lengthen th e time of subsidence of the n material from J ‘to kt, say. With 


lence”, , the only appreciable ‘effect: of which is. to lengthen ‘the ‘time of : 


dence. ee for this i increase, sedimentation i ina tank ij in n which the water is 


wi 
radically ‘different from 
‘remains i in suspension will be thoroughly so that its is Ul 


throughout the basin, : and that which settles will remain at the bottom. ‘This 


is the state of turbulence required i in Hazen’s theory. Herein it will be termed 

Finally, the agitation increases, a state of turbulence will be reached of 
in which the material will not settle. & The solids that : may be at the bottom n will | 


will be termed “critical turbulence”. In all likelihood, the transition from me Me 
of turbulence to another will not be sharply and careful. experi- 
ments may show transition stages that need to be taken into account. _ In & 
what follows, however , only these. three conditions. will be considered. 
nf Thus far, turbulence has been defined for material of constant hydrauli 
value, and, consequently, for variable circulation of the liquid. If, as is the 


usual ¢ case, a material of variable hydraulic. values and fairly uniform sireula- 


following manner: Assume ‘the material to have hydraulic values ‘ranging 4 


from vm to ai and assume the water to have a given uniform and -constan 
degree of agitation; then. there will be a iad % such 1 that for all ‘Particles 


with hydraulic values. Breater than vi 


_olf the material i in a tank i is distributed with : respect to its times of subsi- ie 
‘dence, as shown in Fig. 1, then, for a given agitation of the water, there will # 


be two values. of and fo, ‘say—such that the turbulence is incomplete, 
complete, and critical in the intervals, tm ‘to t to te, and ‘te to ty, 


tively. For some other degree of thee 


For the state of incomplete turbulence the obtained for quiescent 
vill hold with slight t modifications The only: alteration will: 


q 

— 
— 
— 
x 
— 

— 

| 

4, 

— 
— 

— 

¥ 

urbulence will be complete for 
— 

— 

—— 

3 nsition 

é 

se 

occuran 


4 
Papers 


an some law, k(t), ¢ being the time of settling in a quiescent t basin. 
Jaw he Assuming it it to » be | known, 


Wik 


Equation. (19) gives the quantity of sediment. remaining in ‘Suspension at the 
end of. the time in which the. hydraulic. values” (in a quiet tank) lie within 
e the, interval, ¢ and £3 + dt. - For the. total quantity of sediment ERS 
at the end of this time, instead of Equation (6) the formula is is, rout’ Enea b 


1, k(t); ‘set! of factors, Kens is deter- 

a hich, for a 
tay yar particles for which the subsidence in 


still tank are by, tay respectively ; then the approximate Equation 


etors, kr, depend both ‘on the values of the 


is the state of. turbulence, as defined herein, that Hazen 


chiefly ‘concerned. The characteristic feature of this state is that the : 


turbulence | is sufficient to keep t sediment uniformly Gistributed 


the quantity of sediment (destined at present 1 to have a con- 
ant: hydraulic value, v) that + remains in suspension at the end ¢ of time, a, it is 


n rts, each interval, — -, being 80 small that the 


water in the tank may be considered. quiet during that time. _ _ At the end of — 


af, sediment, remaining will be,. by 


be 
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sor 


it was 18. presented and has since been it is awkward to. 
‘However, it attains | a definite limit as the number, n, of divisions i is made > 
The base of natural logarithms is usually de ned’ as: aut 


in the limit, n becomes infinite, m ‘the expression in 


brackets becomes e, Equation (25). (see. Fig. 3, Curve (3)): 
If, as before, instead of material with constant hydraulic value, the water 


the function, o(t), then the quantity of material. remaining in 
; at the end of time, a, ‘is: - 


ae ae to be noted ‘that,’ in Equation (28), unlike the case, of Equation (6), 


the lower limit is tm throughout the process, because, since the turbulence _ 


that it is necessary to determine the 
I; _ tation curve for the quiescent state. , The distribution function is a property 


ft 


of the sediment only, of course, and so is quite - independent of the state 


a am Mathematically, Equation (28), presenta’ x no great difficulty. By a slight 
“transformation it’ is known as an of 


ei 


connected as in Equation (28); but the writer has failed to find one with a 
simple graphical interpretation such ai as ‘that: of Equation (9). 
a (Equation | (28)), an an approximate formula is derived: 


tél 


tity at the end of time 
— 
— 
— 
—— 
q 
— 
— 
— 
— 
~ 
— 
| 
| : 
— 


to b OrITICAL TURBULENCE waite {aii 


for which the turbulence in a settling critical does not 


‘settle, because that which reaches. the bottom is picked. up again. For turbu-- 
lence of this type, Ba = Be, in which B, is the material with time of subsidence 


‘greater th than te as thes Sipe 


oH 


of hydraulic values, so that the n normal circulation of the water in the basin: | 


will be turbulence of one or another of the types described herein for some 
of the sediment. As has stated, a proportion of sedi- 


turbulence of “the fluid in it. They are taken into account 
formula for the settling basin by noticing that they become limits of integra-_ q 
“tion. Combining all results, the ‘general expression for the sediment 


in at the end of time, a, is: How 


Equation (30) the is | 


exact for. the case of discontinuous distribution o: of hydraulic values, by 
a “ing: the range, tm to a into n parts, of which the first, 8, will be in the range 7 


general “expression may be carried to any degree of ‘refinement, but 
engineering practice a very few terms should suffice. Tp exhibits at once _ 
> constants of the theory their categories: The B-values which are 
Sbaraateri stic of the. sediment; the limits of summation. (or 


separate the expression into three groups, corresponding: to the 
turbulence, and are characteristic of and: the 


W. Dilling, Assoc. M. Am. Soe. E. and ‘Langdon Pearse, M. Am. 


_ E., report* the results of certain experiments which ‘may be used to 
illustrate the theory developed herein. . Samples of ludge 


ee een on Industrial Wastes from the Stockyards and Packingtown in Chicago. by 


ling and Langdon Pearse, Vol. II, January, 1921 (The Sanitary Dist. of Chicago), “a 


Percentage of Sludge 


> 
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e sedimentation curves recorded, The “wer 


upright and inclined various angles. ‘These experiments 


were intended to show the effect of inclination « on the tie of settling. 43 . What 
actually happens is that the height, L, through which the sediment falls in — s 


the upright cylinder is reduced to the height, h ad sec. 6, as is shown 
in . Fig. % when the cylinder is inclined at an angle, | A circulatory. motion — 
is ‘steadily induced in the liquid, probably due to the downward ‘slipping of 


Le xx for Upright Cylinder 
© © © Observations for Inclined Cylinder — 
Assumed Slope 
Theoretical Curve 


Ww) ‘Curve 2, 
Inclined 


3 
a 
3 
a 
= 
8 
= 
© 
a 


Time Elapsed ir in Minutes. 


in 


cylinder; ‘anil, then (2), turbulent settling through the 
h= d see 0. . Two sets of curves from the report by Messrs. Dilling and : 


Pearse ate shown in a Fig. in n both sets, Curve ii is for the eylin- 


he Tt will be assumed that d 


circulation in the inclined cylinder, turbulence may be assumed 


0 be complete for ‘the sludge of the experiments. If, from the curve for 
upright cylinder, the distribution of of the ‘sediment are 


‘ From the description 


glass — 
— 
> 
3 — 
— 
— 


Pap ers 


a ‘uniform as far as as s the experiment been run. The curves 

a ot extended far enough to determine the quantity” of colloidal and near-— 
colloidal matter in the sediment, ‘but all those for the inclined cylinders 


iter 
this particular experiment seem to approach a horizontal line 25 units above 


is only ‘one type ‘of ‘settleable material; = 100 - 95 = This value 
be by the use of Equation | (18) (see Fig. 8, ‘Set 1); 
ay 


in which the first term drops out after the time, a = 93, Fins a8 


‘remembered ‘that the time of subsidence has” been reduced in the same ratio , 
; that i is, the time 


Curr: 


Curve (2), Set 


is pee Curve (2), Set 1, in Fig. 8, an 
Table shows ‘some values from ‘this equation compared with 
Ls 


Sag sn (a) Ser 1, Fic. 8, Fon VALUEs oF a: || (b) Ser 2, Fic. 8, ron VALUES OF a: 
20 | 40 60 0 | 10) 2 | 40 60 


58.3 | 39.8] 31.5 || 100 | 39.6 | 29.9 | 23.7 | 21.5. 
53 | 39 | 30 || 100 | 48 | 31 | 23) | 


"1g urve w, Set 2 Fie. 8, for: the upright cylinder, represents sediment with — 

of hydraulic values. For reasons similar to the previous case, By is 


assumed a: as 20. As shown in Fig. 8, four slopes are taken, and their values 
by sealing, to be: D, = ‘4350; D, = 2.195; =. 0, 700; and 
=D, = 0.224, and the corresponding times of subsidence are (see Fig. 8, Set 2): 


= 10; = 155, ty = 80; and = 89. ber 


From ‘Equation (18): B=t (D; — Ds) = 10 (4.350 2.195) = 21.55; 
: and, J B= 22. 50; B, = 14.30; and = 20. If there were no errors, in the 
process, these would be’ ‘the actual values. of B. sca caling has not been 


very accurately, however, and_ the ‘sum of these (which, by 


To “derive ‘the formula Curve (2) from ‘Equation (32), it must 


— 
— 
— 
— 
— 
— 
— 
— 
— 
of 
— 
— 
0% 
By 
— 
ay 
¥ 
— 
f 
qu 
fo 
— 
— 
— 
+4 
— 
By 
Formula Be 
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Equati should 0) is 8. 35... Stating these | 


numbers: B= 22, 28, 15, and 20,. respectively, ke the 
B= =. 22¢e 10 23 + 15e + 20 z 


thi case, as. in that of Equation (38), and for ‘the sa sa 


times of subsidence Inust be multi 


‘lotted Fig. 8, Set. on Table 10) 

‘The writer is not ‘acquainted with the results of other | experiments which 
ould illustrate these relations in greater detail. He has seen “many curves” 


f observations on actual tanks, but none with the corresponding curves for 3g 


quiescent ‘settling, and 1 no experiments at all from which an estimate Faget 


for so that the writer has applied ‘the gen- 
eral formula G1), it has been a matter of mere curve fitting. 


mervations on rate at “which sewage settles, 


>» 


| 
| 


60 


To fit a curve to ‘these: data by Equation (31) it was that | one 


term would be sufficient to take into account the portion of the sediment for 


which the turbulence in the basin was incomplete, and two terms for the 


Portion for which the turbulence was complete; that is, Equation (31) became ‘ 


-) + By Be 
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his curve is 

2 

— 

— 


Toa certain extent: the value one selects for 


the times of subsidence ion 


matter of choice. - Fi ig. 1 shows the B- ~values determined from a certain distri- 
function for one choice of t-values, and Fig. 10 shows the B-values 


OF function for r choice of t-values. 


was assumed that = 15 (since 


‘is. not k known, it is” impossible to 
state the corresponding values, 
ty 80; and = By trial and 


_ error, or by any other method of curve 4 


vidw To be | f 30, and 52, | 


in} which i it must be remembered that the first term drops out. for 


the distribution function (the B- values), bu 


wants, ‘no “importance should hie 
odt 


attached to it, pal 


* 


the ‘distribution of the its 
aracteristics in a quiet tank. means of thi equation the 


% 

“this distribution, ‘ling in an actual, tank may be 
predicted by Equation (31). 
Before practical | application _can be mad f 


developed, it is to determine experimentally 


(ti toy 


“APPENDIX 


4 


g which sedimentation occurs ; (a) = function. of, 
= quantity of solids, B, per unit volume; 
al”, “complete”, 
defined in ‘each case; 
‘we = inside diameter of a - akg cylinder ; 
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times of Tat ti, ke tz, ete., under certain conditions 
of turbulence for particles with ith times of ina 
ANC 
te factor at? as a mini- 
mum” with times of settling, and 
used with hydraulic ‘talons, tn =— 3 
a ‘number, such as a number of parts; ae : 
a functional symbol; 
8 = a number of parts, less than ns i, denotes 
= time of subsidence; fie = minimum time corresponding to Um; = 
ty = maximum ‘time | corresponding to Vu; and = times 
corresponding to v, and respectively; = time corre- 
sponding to vr 3 te = time required for complete or critical — 
turbulence; = distribution function of hydraulic values 
suspended matter; as a subscript, ¢ denotes “total”; 


value or the limiting velocity of particle | as it 
- settles i ina liquid ; im =a maximum value; vy = 


Tence is incomplete for vi << v); vc ‘limit value com- 
critical turbulence (turbulence complete for 
v< ‘ve and critical for v < 


‘aetiling 


a given depth; 
area of a tank or stilling well; 4 
= quantity of solids; Bz = ‘quantity remaining in suspension at 
end of time, a; = total quantity in a given basin; 
s = quantity of settleable matter in a basin; B, = quantity he 
jokin a colloidal state, including that part of the settleable solids — ae 
wiaed with hydraulic values, v, so small that, for practical purposes, _ 
they may be considered as in colloidal suspension; Bs, 
= quantities with hydraulic values, v2, 
= quantity with an average hydraulic value, Vr; 
= length of a glass cylinder; ae 
=a subscript denoting “maximum”, ~wliedl® used with ty 
- inclination of a glass cylinder, with the horizontal; “a 
a function; distribution function of hydraulic val 
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inarily, the e effect of wind is ‘slighted in the re 

e the fact that wind stresses in these structures are often considerable. 

Ammer Arch Bridge; Echelsbach, , Germany, With a span of 


496 tt, the ‘stresses due to wind ‘constitute about 55% the total, including 


oad, “dead ‘load, and temperature. changes, On the other hand, tie. 


excessively heavy wind-br -bracing sometimes built into reinforced concrete arch 
bridges results in an uneconomic and unsightly design. 


The usual ‘made i in ‘reinforced concrete rigid frames 


Notation — -The notation of this paper is defined where first introduced 


and summarized reference, in Appendix. \ A definition of the torsion 


oc. O. 


the single arch’ rib, fixed at the and subjected 
lateral “forces, is statically indeterminate and requires six equations for its 
ae Nore. —Discussion on this paper will be closed in March, 1936, Proceedings. ._ cable 


<_.. Saeeee, Bridge Designing Engr., Div. of Highways, State Dept. of Public Works, oe 
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WIND STRESSES 1 ae ARCH — ers 


‘solution. In the case of a symmetrical structure, however, the computation 


of wind stresses is ‘simplified, and, furthermore, the of ‘shear ¢ and 
_ stresses in the rib may be neglected without serious error. 


SECTION BB 
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yey 


. 
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(Fig. 1), may be derived from Equation (2) as 


ra 


oe = 1, applied a at Point P, and Com and Cat are, respectively the partial differ- 


ential coefficients. representing the moment. and torsion. produced by a unit 


Moment, = 1 at Point P. omy 

‘Professor E. 3. Mérsch has shown’ that when a a symmetrical arch is 


exposed to symmetrical lateral wind forces, such a as wind, 
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temperature of the arch the work due to 
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FET 
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the: only bending moment that occurs at the crown | is M. o about the vertica = 


is ‘obvious that the torsion and shear stresses: at this point are 


4 


Bt} Aub sou ais oy. 


ax 


=> = 


m= 


~ 


ri ke = 


Therefore, the bending deformation ‘due t to wind be written, from Equa- 


and the torsion deformation will be: 


wt u ds — 7 cos di) dw 


+ 


_ The tangent at the crown does not move when a symmetrical arch rib is oe 
a subjected to uniformly distributed lateral forces. Therefore, by equating the Ne 


bending deformation at the crown to zero, Mw may be expressed: te 


M 


(cos + ¥ sin® $) dw 


— 
stresses are assumed to be negligible. Consequently, for the structure in 
| 
The partial differential coefficients of the unit moments, m = 1 and 
— 
>... 
— 
4 
Re 
| 
— 
— 
q 

» 
4 
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Papers 
mariner ‘the bending and. . torsion 
and the moment at the crown produced by» the ‘symmetrical moments, m, = 4, 


= (costo + ysin® * dw + M, + y sin’ dw. +4) 


y) sin ¢ cos dw + + «. 


a similar manner the for bending and deformations, 


ea moment at crown by the symmetrical moments, = are 


0 


r from the crown to the sp springing ‘section. 


‘eystem of forces an the rib. When the structure is symmetrical, however, 
e number of unknowns is reduced; but in order to derive simple expressions 
‘Bie stresses in the bracing, certain assumptions are necessary. For example, 
“4 
it is assumed that each rib carries the same wind load. Furthermore, the 
nf intersections of ° the braces with the rib are assumed to be fixed in space and, 
_ therefore, the points of contraflexure in in the ‘braces 1 will be at the mid-point i in 
each ease, and will also be fixed in space. Hol 
Pe: sone One-half of one arch rib is s analyzed by. substituting for the —— 
the structure the forces, ‘and R,, as shown in Fig. 2..." ‘Direct stresses | 
in the members are neglected. Forces R, and R,, therefore, will keep the mid- 


- point of the brace fixed i in position and the equations for these reactions can 


be devel oped an of Maxwell’s theorem. 


between the ribs) “Each of these braces adds s six more to | 


— “Fig 
for 
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re since er deflection of a cantilever beam is 


Two of ‘displacement in in ‘the arch rib: bracing are con- 
sidered : First, that produced by wind pressures on the half arch rib 
Fig. 2, without the reactions, Ry and Ba; and, second, that produced by 
& forces, R, and R,, in order to translate the mid- -point of the cross-brace "oa 


rae 
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In Fig. 2, with the forces, Ry and R,, removed, the ‘@isplacement in hae of 
direction of the force, R,, is twa, and in the direction of Rs, Owa. If, instead F) aa 
of the uniform lateral wind load, the half arch in Fig. 2 were loaded with the A = ; 


force, the deflections would be, respectively, i in the direction of 


nat, 


x 


ees 


the intersection of the cross- -brace and the arch rib. 


oe...” instead of the reaction, R,, the arch is loaded with the 7 atigs Lt the 


— 

| 

— 

— 

ae 

-supd to e 

a 

| 
4 

‘ 

ha: 
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Consequently, according to Maxwells ‘theorem, the displacements may be 


fone. 
¢ and “were “simplified through by ‘the 


length, a. The deformations, and 6, are “computed by means” of Equa- 
tions (11) (18), inclusive, ‘and with these values substituted in Equations 
(24) and (25), simultaneous solutions will yield the values of and R,. 


‘the 1 right half of the arch has the effect, of substituting a moment 


bending m moment and torsion at any other Section 


> 


be 


ing equations, the wind 


distance — 28 ‘measured hori- 


Bracing 2 ft Square 


otat 


f bead rib can be com- 
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in which te ‘equals the thickness of at and 
_ between the radial line and the vertical through the crown. 
eross- “brace i ‘is: 2 in Ig = =h =| 1. 33 ft‘, 


26 


The steel reinforcement i is taken into’ in computing the 
moment of inertia. . Such precision would be useless because the theory of 
load distribution on exposed surfaces is still so inadequate that extreme 
‘re nements in 1 ot er. actors are inconsistent. 
Although the complete computations for this numerical example are 
recorded herein, it is believed that they are given in sufficient detail for the 


guidance: of those who are familiar with the design of arch bridges. = a: Pa: 


eet wind load of w = 45 lb per sq ft is assumed to act horizontally and at f% $3 
right angles to the plane of the arch rib. In order to. integrate the elastic a 

er: geometric properties, the ril rib was divided into eight blocks as indicated 
in Fig. 8, the values being given in Table modulus: of elasticity” of 


f concrete in shear. (ae wey an) 
TABLE 1.—VALUES OF r InrTEGRATIONS IN TERMS OF — 


(y — 1) sin ¢ cos =. 


“se at dot pe tag, di. a. Of = 


q 


Selecting values from Table 1, Equations (a3), (14), and may be 


crown moments, Mw, due to the wind load and 


516 660 660 


35 -Ib; and, M, = 9374 — 9 072 ft-lb. 
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_ gontally from the crown. The theoretical span of the arch is 120 ft and the a — 
equals the angle ii 
| Since the lateral 
y 
— 
concrete in compression was assumed equal to 2.0 the modulus 
ss 
Bes 41360 8 
ee «i — 
— 
m 


x 0374 = — 209 edt 
3.048 — 3.043 = + 1263 


0. ate 


It follows from Maxwell’s theorem, furthermore, that = 6 ‘The bend- 


ing moment and the torque were considered 1 positive in the direction indicated 
in Fig. 1. _ The same is true of the angular deformations. The forces in the 3 
- lateral cross-brace may be derived from Equations (24) and (25) by substi- 


the necessary angular deformations; thus: te ib 


(56.25 - — 0,16 15) Ri + 3. X 15 Re = 209 652..... 30) 


1.268 x 15 Ri+ (56.26 — 0.16 x 15) = 178 956. 

solved simultaneously, yield R, = 1.074 lb and R, = 2.946 
__ The bending moment a about the vertical axis at the crown is computed by. 
(26), thus: = = 99.377 — 0. 585 x1. 074 x x 15+ 0. 072 x 2946 

92 785 ft- Ib. Therefore, the maximum unit compressive > stress in the arch 

ib : at the crown, produced by a wind- Toad bending, ‘moment, Mo, will be, 


x 92 785 x 12 


a maximum wind-load bending moment at the end of the lateral cross- 
brace i is = = 946 15 = 44190 ft- Ib, which i is about 126% of the 


load bending ‘moment brace at that, ‘point. For comparison, 4 
dead load bending moment is M, _ D(2a—») 26.5 X 26.5 


may be flexible enou ugh so that their oh cides, of the 


ath “may be ff 


e —— on the side of the arch ‘itself x needs | to be assumed | to be carried by 


4 stresses in the arch ribs and the braces. _ Therefore, ‘the wind 
ee 
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for lack of precision. However that. may be, illustrative is offered 


merely for the of demonstrating the application of the formulas devel- 


oped in ‘The relative be controlled by the designer 


_ Although the wind stresses computed in this paper have not been verified 
by tests, the formulas were developed from the we ll-known elastic equations. 
_ Furthermore, the method of computing the torsion. factor and the influence | a. 


torque ¢ on the deformation of an arch have been successfully proved by “tests ead y + 
of skew arches reported in 1928 by Professor Rathbun.” 


Je: _ The effects of lateral wind forces on ‘the forces in the plane of the arch 
‘ab re so 


are so slight as ‘to be negligible ‘and, therefore, the lateral forces may be 


the case of arches subjected to unsymmetrical. lateral forces, the equa- 


in this paper may be modified as the particular case demands. Forces, 


inclined to the plane of the arch rib ‘may be resolved into their components. 
oF Furthermore, the eccentric forces applied to the arch through the roadway deck ci oe 
may | be divided into components of force acting | in the plane of the arch rib 


and a torque “equal to the vertical force times eccentricity. In this case, 


be treated as a produced by horizontal lateral: 
important t study the practical application of. the elastic equation 
problems in which forces in ‘space oceur. Such study eliminate 
assumptions in time, thus resulting and 
sethetic improvements in the design of such structures. = 5 
batt woe to: rote edt ot ss ek 


notation is adopted for use ir in thi 
one-half the length of a lateral csoss- -brace, sheasured from 
aot toh. yates with the axis the arch rib as a ‘subscript, a 


Ay? 


in a tangential through Point NW (Fig. 1); m» = a com- 
ponent of the moment a “Plane ‘throagh : 
dg = length of an element of the arch r E ld lw; 
| = ‘thickness of the arch barrel, measured 
Am. Soc, C. B., Vol. 94 (1980), p. 185. 
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3 
= breadth; width of arch rib; as a subscript, b denotes “horizontal 
; c= ipt denoting “cor 
f = unit stress; = unit compressive stress in concrete; - 
— 


a co-ordinate of any point, P, referred to a Point N, sseamaped 
parallel to the radial line through _ N (see Fig. 1) 


subscript, v refers to a radial plane; 
uniformly distributed, lateral, wind load; =— 
enotes “ ‘due to wind load”; 


a partial differential Com n and Con = bending moment 
coefficients corresponding to m, = 1 and m.:= 1 applied at z 
Point P; Cit and Cx = torque coefficients corresponding to 
moments, m, = 1 and m, = i, applied at Point P; as a sub- BS 


modulus of. of ¢ concrete in tension and compression; 

‘= moment of inertia of the cross- area ef arch cut 
a radial plane; J, = moment of inertia of a section of a cross- 
_. brace, ‘about a vertical axis through the center of gravity; — 


Ip = moment of inertia of a section of bracing-about a hori- 


bending moment; ; Mo oment at the chown; 

bending moment due to wind load; My | 
moment at the crown due to. the symmetrical. moments, | 
am, = 1; M, = bending moment at the crown due to the sym- Fe 
metrical moments, = 1; = dead load bending moment ; 


=v 
S = section 
T = torsion; T, = torque corresponding toau 
internal work due to ‘ia elastic deformation of rib; 
0 = bending deformation produced by the wind; 6, = bend- . 


‘ing "deformation by m=1;6= defor- 
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1 deformation at ind; ti = deformation pr 
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‘SLOE TON. | METHOD 


this) paper, whieh 1 by successively expressing all the in 


of a few unknowns makes an exact § solution —_—— Ww hout the e formal solu- aie 


tion: of a large of simultaneous e 


‘The 


1€ reader i is familiar with 
e usual slope deflection notation will: 


= relative deflection normal to the axis of a member, 


Stee! = height of a column, or distance between floors; story heigh 


Us fixed- end moment at Point B on Beam BO, due to any load, e «- 
modulus of elasticity in tension and compression ; 
= ratio of the moment of inertia, to the ran enthamt stru 


of an external, Ma moment at Bod A, 


—Discussion on this be closed in March, (1936, Proceedi 
Asst. Prof., Civ. Eng., Mass. Inst. Tech., Cambridge, Mass. = 


4 “Analysis of Statically Indeterminate Structures by the Slope Deflection Method”, 
by W. M. Wilson, F. B. Richart, and Camillo Weiss, Members, Am, oc. C. E., Bulletin 108, 
Eng. Experiment Station, Univ. of Milinois, ‘Urbana, 


= 
=| : 
and the Vierendeel truss. Certain principles are then enumerated, which 
— 
— 
— 
— 
— 
— 
: 


eatin of the increment in horizontal in a 


story, to the, story height, the. floors being identified by sub- 


change in ‘the of the tangent to the “elastic: curve of a 


slope’ deflection.‘ solu tion of the st ructure Fig 1), 


are five unknowns: » On, 90, On, and On. For the order of ‘using | the 


slope deflection equations: to be outlined, On will ‘be termed | the permanent 


unknown, since all the other values. of will be expressed, successively, in 


— Panel 1 Panel 2 


At support of continuous beam, known 


either the moment or the > slope i is zero, or the moment is as when the 
beam is a cantilever beyond, the ‘support. In Fig. 1(a) the moment at each 
is zero. Thus t king 0, as the ermanent 


(1) Express in in terms b writing, 6, Yo 


@) Express in “of writitig’ Mau M 0, in which, 


22 On + 


44) 
— 
— 
— in 
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é 
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— 
Ly oft L 14 
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SUCCESSIVE ELIMI 10 

ali 


in 


(A) Similarly, by 3M = 0 at Support D, express 6, in terms of 0, = 

The fact that enables a a solution for ime ‘Ma 
=E Ky, (2 On 6p) in which Os and are functions of 
(6) With 6, known, all other values. of @ in terms of @,, the momen nts 


in the beam are easily determined by the slope ¢ deflection equatio 


Thus, the continuous beam shown in Fig. “1(a) is analyzed without, the 


formal solution of simultaneous equations. fact i is _not dependent 


upon the number of spans. H Had the beam been fixed at Point A, Os would — 
have been taken as the permanent unknown, and the first step would have 
been to express 6, in terms of 6, by = Oat Support B. 
Bumpina FRAMES WITH SHALLOW 


For a slope deflection solution of the structure shown in Fig ig. ,.1(b), there 


are twenty unknowns, namely, On to Or, inclusive, and Rs Rs, 


which are the ratios « of increment in ‘horizontal deflection ‘occurring ina 
story, to the story height, in the first, second, third, and fourth storie, 
respectively. For the proposed method, On, , Oy, w and Oy, are taken a as th 
ermanent unknowns. If the structure were ‘symmetrical only 6, Op 


be so taken, The using the ‘slope’ deflection equations, * 


4 


Expres 
2) Using t the shear- “story equation for t the first story ny (that is, vee 
story, times the first story height, +i) +M +M sr + M 
$1 Mea + Moo + Mow + Map aD » = 0), express Ry i in terms of 6 4», and 
oint write = 0, where all moments may now be written” 
a Ov, Bo, On, and Re; from this equation express 6, rin terms 
of Os, es and Re Similarly, working from 3M : = 0 at J oints F, G, 
H express: Ox, and 6,, respectively, i in terms of On Oy, Ga» Ox» 
i. The moments in the ends of the second- -story columns may 1 
“written. in ‘terms of Or, 0c, On, and and the application of the shea 
- story equation to the second story, enables ‘the designer toe express Ry, 
a hence, 91, 6;, Ox, and 6,, in terms of the permanent unknowns; 
Working progressively the ‘building in this manner, express all 


values and all R- values in terms of the Permanent unknowns ; four equa- 


tions, one for each “unknown, will ‘still be available, namely, =M = at 


oints Q, R, 8, and 7 T. The formal solution of these four simultaneous ¢ equa- 


ns yields values of On, Or, 6a, 6x3 and, 40 tig Fe, a0) 
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aa oe ture are - easily determined by the slope deflection equation 


6) 1 With all the R- 


expressed in t terms of the permanent yet the in the struc- 


| Thus, the building frame shown in Fig. 1(b) is solved with the formal 
solution of only four simultaneous equations, one equation for each row of . 
olumns. This fact is independent of the number of stories. Symmetry 

would | further reduce the labor since for the structure shown in Fig. 1(b), 


= On and 6, = Oo Thus, twenty-story, four-column, symmetrical 
could be the formal solution of only 


To demonstrate the application of the proposed method to. the case of 
“building with shallow wind- -braces, the structure shown in Fig. 


be solved, s follows: ‘The -shear- “story ¢ equation applied to the first 
= 38 
Applied to the second floor, the shear- 
story equation yields: at 
(16.5 0, — 6 + 10 X 20 


anc 


8 For: example, see “Wind Stresses in the Steel Frames of Office Susidinase by W. M. 
3 Wilson and G. A. Maney, Members, Am. Soc. C. E. Bulletin No. 80, Eng. ERE 
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SM = Oat Joint 


40 Therefore, the: deflection ratio, R,, is expressed by 3 R, 


the moment at the column base is M = (40. 160 _ 120 ft-lb, 


the minus sign denoting that the ae: acts contra- clockwise 


For the structure shown in Fig. 1(c), let which d is the 


relative horizontal deflection between the top and bottom of any of the: ~— 


al members of the truss. Let Ry, Rs and R; equal — respec- = 


vely, in which d,, dz, and d; are the relative vertical deflections of f the ends a 


eee chord seunoad in the first, second, and third panels, respectively. 
For the usual slope deflection solution” of structure, there would 
twelve 2 unknowns to 6x; ‘inclusive » and Ry, and . Ry F ‘or 


| 


he permanent un unknowns, 
- (1) From Sh — 0 at Joints A and B, express 0, and On» respectively, as a 


(2) Since the shear in Panel 1, times plus Mac + Mw Mo», 


zero” (the shear-panel equation), and all moments may be 
written in terms of On, R, and R,, it follows that and, thus, 0, and 


be. expressed in terms of 6,, and R; 


(3) Similarly, by = 0 at Joints and a the shear- -panel 


dion for Panel 3, 00, bet R; m may be in terms of 
oe (5) The three e permanent unknowns ‘may now be evaluated from the 
following ‘simultaneous equations: 3M = 0 at Joint G; 3M = = 0 at 
Joint H; and the shear- story equation applied to the vertical 
(6) With 6,, and R ‘known, ‘and the ‘temporary “unknowns s already 


in ‘terms of these Permanent unknowns, , the moments sre easily 


only one 6-value for. row of members parallel to the direction 


in which the solution is to progress: across a structure, plus one R- ac 


= 
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— 

| — 
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at — 


or panel poe such rows: (if there is more than one row), 


he « construction is such that these R-values do not equal zero. 


formal solution < of simultaneous equations, there will ‘be as many equations 


me manner does not actually : veld, the solution of simultaneous: equations, 


— , rather, provides a means of eliminating the unknowns progressively. 


‘The usual slope deflection equations could be written simultaneously, 


if solved in the order described in this paper, would lead to the same ‘solu- 
It seems to the writer, however, there is little likelihood of 
“this being done without purposely following the the line ‘easoning herein 


portion of ‘the which the of ‘this paper 
was, submitted to Massachusetts Institute of Technology by the writer 


? 1988 | in partial fulfillment of the requirements for the degree of Doctor of 
Science. Other phases of the broader subject. have been published ‘else- 
under the title, New Method for Analyzing Stresses. Due to 


ae Lateral Forces in Building Frames”, and “Distribution of Wind Loads 


* Journal, at, Octobe 1005. Civ. January, 1934, p. 45. oily to: 
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CONCRETE MEMBERS UNDER 


DIRECT T ENSION AND BENDING. 


GUMENSKY', “Assoc. M. AM. Soc: C. E. 


The combination of compression and is a common oceur- 
: e in design and d has been very well treated i in standard books on reinforced a 


concrete. However, combination of direct tension and bending is a 
ived less attention from authors of engineering texts. — 
‘This problem i is seat with : in the design of Vierendeel trusses or particularly 
n the design of closed water conduits under pressure, where the conduit 
iB a complete elastic ring. — The following prese 
tation is an attempt to analyze the stress distribution in reinforced concrete 
subjected to. a combined | stress due to direct bending, 
and to suggest, an n easy method 0 of solving th problems. 


The assumptions used in ‘the ‘derivation of the are the. sanie 


those generally for ‘the derivation of working oy for 


forced concrete, They are as follows: @) A straight- line ‘distribution 0 
stress; (2) ‘concrete is an elastic substance; (8) tension is resisted entirely 
rd steel ; (4) bond between concrete and steel is perfect; (5) there are no 


initial stresses in concrete or steel; (6) the symbols denote only a ‘numerical 
value of the quantities they represent; vertical distances measured down- 
a ward from the axis of .a member are negative and upward distances are” 


from | left to. right are negative ; and (9). moments of forces about a ‘point 


otation.—The mathematical symbols are defined where they first appear 
in the paper and are summarized, for reference, in the Appendix. 


.—Discussion on this paper will be closed in March, 1936, Proceedings. 


With Metropolitan Water Dist. Southern Los. Calif. 4 


"positive; (8) forces from right to left are positive and forces acting 
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analyzing structures, the resultant moment, M, the direct 
and th the eccentricity of direct stress, at any One point, 
are usually related to the geometrical axis of the elastic ring or frame. 


relation is “maintained “the following presentation, It. is generally 


that the combination of an axial Toad and will: 


cases of stress ‘distribution: That. ‘entire section 


Geometrical 


Case 1 1—The Entire Section Under Tension. — 
but. briefly, treated by Messrs. Taylor, ‘Thompson, and Smulski.’ 


Section 8, Fig. is subjected to direct tension, T, _and a bending moment, 


which is produced by the eccentricity, Since concrete cannot 
ba resist tension, the only stresses in the section are those i in the steel. For 


‘equilibrium, the algebraic sum of all forces acting on the section must ‘equal 


~ 


“Concrete, Plain and Reinforced”, by F. Wi Taylor, S S. E. and Edward 


; 
— 
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| 
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— wh 
ee 
one 
ime 
fez 
& 
4 
ee. Be ___In the same manner, taking moments about the center ot the lower steel rods: | of 
— tha 
3 
— 
— 


groups of steel. However since there are, altogether, four ‘unknowns— 
and only three equations, it is necessary to make 
additional assumption before these equations can be solved. Many designers 


arbitrarily ‘make the area steel in the upper and lower groups the same; 
or “(which would be more economical), the unit stress” in the steel of the oo 


upper and may be assumed to be equal. date will 


te the maximum allowable tensile stress in steel; thus: eis 


——+e 


which fe is the stre in the steel. the other 


the steel will be. under- “stressed; thus: 


“Te 
. 


ual. “As ‘the eccentricity increases from e = 0 to e = 


| 


more and more wasteful to place ‘the same ‘quantity of steel in both ‘groups. 


becomes pave to qd the line of tension 


As same as 


be 


wes 


and no steel is required in the other group ‘When ¢ i 
, Equations (1) to (6) are not applicable because part of the om con- 
gins to act in compression, and, if two ; of steel are used, one 


also i is in com} i A 


mag when | e=d—— ‘the line of direct pull coincides with o: one group ai 


ND BENDING IN CONCRETE MEMBERS | 
5), it is apparent that when the pilis 
Comparing Equations (4) and (5), oups of steel rods is 
— 
— 
ps. In such case, or when e nearly “equals — 
is no need of placing the two grade ‘forcement 
or adc 
al 
| — 
— 


Case @—Part of the Section . Under is. 
created. when the line of direct t pull falls outside the steel minfoscement 4 in the 


‘The e steel may be placed either i in the tension face alone, or in both the ten- 


‘ on an _the compression faces of the member. | By , placing it only on the 
tension 1 side, a a design i is produced in which steel acts in tension and concrete 
in compression, the combination that usually resulta i in greatest economy. | tik 


Neutrat Axis » 
fosda 


aa | 


A thin section of concrete beam, S-S, in Fig. 2 (an ‘independent structural 


element), is acted upon on by the internal forces of compression in the conerete, 


the: tension in ‘the ‘steel, and 1 the external force of direct. pull applied ata 


Section 8-8 is in static the of the moments of all 
that. section be equal to zero, | Taking moments 


sum of all horizontal forces acting on must equal zero: 


he 
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aly, 


Equations (32) and (14), simultaneously, will give the. “values. 
and p, the latter being the + value ‘sought. ' The dothdinder of the values in 


these two equations must be determined or assumed before the final sdlution. — 
ret 6] Ba x 


Values of dt and d—the total and the effective depths of the -member— 
wint be assumed before the stress distribution can be analyzed. This assump- 


tion is usually based on precedent or on t he judgment of the. designet. ‘The 


value of b (Fig. 2) “may be the full width of the n member, i in which event it 


ae is determined by trial, the same as d; and d, or it may be taken as a on 
width, usually 1 ft. ar erate of T and e are found from the analysis of stress _ : 


distribution in the s structure, thu,e=—. | of 


. 5 _ The value of n which designates the ratio between the modulus of elast 


of concrete ‘and the modulus of elasticity of steel, depends on the quality of a 
conerete. Normally, it is assumed to vary between an = and = 15, which» 
corresponds to Ee = 37 50 000 and 2 000 000 Ib per sq ‘in, respectively. The 


value of fs is determined by. the grade of steel used“ and the purpose for 


which the s ‘structural is ‘designed, allowing an adequate factor of 


The two unknowns remaining are k and p. condi 
loading, dimensions, ‘and— stress distribution, required amount of steel 


can be determined. However, ‘the solution of Equations (2) and ‘is 
‘and; for! thi has’ devieed° 
oda orious, an or this purpose, the ‘writer as | evised a set of iagrams, ae 
io example of 7 which is reproduced o n Fig. 3 for discussion. These diagrams» i 
re “were based on values of n equal to 15 and 10, ‘Tespectively. “In solving ~~ 


"problems by means of such curves the , procedure is, as follows: ee ; 
1 Determine the bending moment, and the di direct pall, 
__ the member in question; 
 @. Select ‘trial values for d: and d, unless ‘they were tentatively 
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cover on the steel. to: the 
From a set of diagrams, such as Fig. 3, with. the of n in 


the Sed the set of curves for a, closest to the value 


(9) On Fig. 3 find intersection of the _ two curves race 


ay Determine the a area of steel, A, = p by 4 i aera, 


Le 


neidentally, the value of ki is determined by the same point of intersection 
| that found in Step (9). In order. to find the unit compressive stress 


in concrete, follow a horizontal line inom the point of intersection (found i in 


to ‘the right until, its intersection with a curve representing the 
ue of fe assumed 3 in Step (5). Finally, read or interpolate the value of F eg 


a the chart, which will give the “When the 


wy is ait large the bending moment is very large in respect to direst 


tension. When this ratio approaches infinity, the case approaches 


bending ‘and can be solved byn means of simple bending formulas. mnt 
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when both and - “are re lane, the k may be very high, and the 


igh for any reasonable — 


gtress in ‘steel. may t “then be necessary, in most cases, to re-design the 
it ‘approaches the lower values on the becomes 


uite small, which indicates that th the e line of resultant d direct pull approaches — aM, 


the line of steel. In this case, the direct tension, or the value, 


mines the OTB of steel to use Should the value of -© be smaller than 


he lowest. value shown on the the resultant direct pull falls within the 


_ effective section of the beam, and steel should be placed in both faces of a Be 
‘the e beam. In such a case, Equations (1) to (6) presented in Case 1 should as 
Should the intersection. the two curves fall outside the | limits of 
a the chart, it would mean that the case is of an unusual character as far 


=: as the percentage of steel or the ‘relationship of stresses is concerned and : 
further analyses or re-designing may be necessary. ul. 


Returning, again, ‘Equations (12) and (14): When k= 0, there 
stress in the extreme ‘compression fiber of ‘the concrete. 


in Equa ion (1 Gee 


Aa... other words, this condition when direct, coincides with. 


site or 14d worry 408 


the 


which is a familiar relationship in the case of ‘simple bending, when 


ccentricity equals infinity, and the left side of Equation (12) is | obviously “ie 


to infinity; ; the right- hand « expression of (12) ‘can equal 


a 
isive stress 20n — 
— 
3 — 
— 
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infinity in case the denominator is equal rezo,. w ich agai 


yields Equation (19) The use’ of the ‘diagrams “may, best be illustrated by by 

ji 


a 1 —Determine the area of steel to use in a precast concrete pipe 
ae inside diameter. Under an internal pressure the top of the pipe is q 
a to be 10 ft beneath the surface and water will flow through it under a pressure 
ead of 50 ft ft. The thickness, of the shell equals 12 in. ; the steel reinforce-— 


ment is covered with 2 in. of concrete, and the effective. depth is 10 in. The 


Fi pipe is embedded in concrete along the lower quadrant of its circumference. iq 


4 _ The severest ‘condition of. stress is at the bottom where M = 19 230 ft- Ib and q 


T = 16 530 lb. . Assume E. = 2 000 000 Ib per sq in., » Which means that n= = 15. 
‘By the procedure indicated previously: By Step (3) the eccen- 
ae = 1.163 ft = 14 in.; and by Step (4), — = —= 


ot: 1800 b per sq. ‘in (Step (5). “Then by Step (6), 


8000 x12 x10 a ed} tad? seom bivt qd 
a Steps (8), (9), (10), and (11) require { the use of Fig. 3 for the case, a= 0. 0300, 
and n = 15. In this case (a member - subjected to bending and direct tension, 
the eccentricity, e, is. from the geometrical center of 


40° and 


4 


= 18000 fe = - 795 Ib per sq in. at Point B, Fig ro Should it ‘be desirable 
use steel reinforcement in both the compression and the tension faces 


ie the: member, ‘the compression steel will help the the concrete under compression. A 
_ Steel reinforcement could be used in n the compr compression ‘side to reduce the ‘com- a 


— stress in the concrete or in onder to ‘Provide for ‘Possible reversal of ap 


= 
ANALysIs AND Sourion RELATED 1 70 THE CENTER OF 


Steen REINFORCEMENT In Tension Face sll 


xample, depending - for quick solution on sets. of diagran 
g. 3, refers to the geometrical axis: of “the beam as the 
enter f “moments. This lea ads to consideration | of a ‘a depth of cover on on 
the steel and necessitates a number of charts fc for various eet of eos depth : 


cover on steel to ‘the: effective depth of beam. 


q De 
— 
— 
— 
— 
— 
— 
— 
— 
| 
— 
— 
— 
(Step (1 
= 0.016 x 12 x 10 = 1.92 sq in. per lin ft (Step 
The value of k for this condition is approximately 0.395. Following™tr— 
— 
— 
— 
— = 
— 
— 
— 
4 
ae Be. _ center of stress in the beam subjected to tension and bending. This considera- 2 
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"necessity for several: charts, but the value of 
eccentricity by an amount equal to d — eas 
ig. 4 illustrates | a condition similar to » that, of Case 2, ‘in whieh, ‘part 


“only. A All the notation and assumptions previously mentioned will apply in 


case with one namely, the eccentricity is measured the 


Tine of the s 


4. 


+ 


n 


and (23) wit give the values 


A complete ‘set ‘of curves that shown in ‘Fig. 5 obviates the 

necessity of laborious solutions and, , similarly, to diagrams | such as Fig. 


“accurate method of determining. the percentage of 


— 
— 
ion steel, for condition of § 


MEM BERS 


rein nforcement in 
oment. writer has constructed for values of n equal to 8, 10, 
and 15. _ 5. Only « one set of curves is necessary for the solution of a problem, 


but one must be careful to use eccentricity relative to the center of reinforce- _ 


3 


(10), and (11) are exactly as 


0 MA 
0.012 0.020 0024 $=$:(0.028 0.032 o 

Fig. 5.—E I FROM THE Center OF THE 


ith or assumed of gh (see Step n this 


find the intersection of the two curves ss einai the va a of = an 


in the concrete are precisely as as in n Case 


Example %—Using th the same problem a as in Example 1, 1, = 19: 230 ‘Ib; 

= 16 5380 lb; n = 15; -di= 12 in.; d = 10 in.; and de = 2 in. As before, { 

eccentricity relative to the geometrical center of the section | (Step (8)) 
; 


M _19 = 1.163 = 14 in The > eccentricity relative to the cen- 


of ‘the aoa ‘reinforcement in tension (Step 


(Step 
— 
sectio 
— ow 
— #8 AAA) AY, 
~ 
— of 


(Step (6)) 10,0098; J 
ction of tw curves, 1-00 an ad = 0.0076 at Point A; 


below the intersection read of steel (Stey 
(St 


nt til its aan with the curve, fs = = - 18 000, the unit compressive str stress 


fo 795 Ib ‘per sq in, at P oint B, Fig. 5. 


It is to be noted that the result of this ‘solution is exactly the same as 


relative to » the geometrical axis s of the 
Diagrams: of the type of Fig. | 5, however, are superior to those of Fig. 3 


in that they require only one set of curves s for each value of n 
complete solution for ‘most “cases. However, in solving problems by these 
charts there is a HE CAMA on the part of the ‘tenn: and the junior engineer 
to use the wrong value of eccentricity, and an emphasis on the importance 

of using the correct value i is warranted. 


gait The properties. of ¢ curves, such as Fig. 5, are similar. to those of the type 
of Fig. 8, but they deserve independent consideration. ‘When the of 


is very large, it indicates that the his being ‘moment is very large in respe ct 


to direct tension and dominates the solution. The larger the value o the 


‘more indefinite is the intersection of the two curves determining the ratio 


of steel, and, in extreme cases, i it may y be “necessary actually to solve 


When ‘the of — approaches infinity, the condition approaches that 


of simple bending i aleiead and the problem is s solved either by the formulas or 
_by the diagrams. i In order t to solve a case 0 of simple bending moment by mean 


of diagrams such as Fig. 5, proceed as as follows : Having determined ll 


value of the bending moment, M, the width, b, and the effective Bas: da 


of the member in question, determine the auxiliary value, K = 


the right side of the for the proper value of n with the value of 


intersection m with the ‘eurve, ——— 


4 
q 
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4 desirable or assumed stress lines for f, and or W 
limiting stress as the case may be. 
al lin the left to its 
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tio, 

ance of steel, As =p pb "ie! is necessary to illustrate this raged 
‘and are both relatively the value of K may be 


‘very tog unit | compressive stress in concrete may be excessively 


ih ‘most | cases, ‘it would be 


the stress in the concrete, or r both. 


ow hen 


is small it means that the line of direct pull | approaches wey line 
ansion, or the value, —_, determines the amount of 


dei may happen that the value of ¢’ is negative, which is possible } 
When the Sten, is smaller than d — = This would indi- 


‘two: layers: of steel are needed.” "Equations (1) to (6) i in “Case provide 


full appreciation of the advantages of the procedure outlined _. 


‘tend, the complete set of curves upon which ithe ‘a arguments of the paper are 


sed _ In offering a con ndensed ou utline description of the | curves it is hoped 


that discussion will develop their value in principle and that - Suggestions for 


* their improvement, for example, ; ‘such as the desirable intervals c of the n- -curves, 
ivan if E it is conceded that complete sets of | curves such | as those 
described i in this p paper, would be ‘valuable to structural designers i in this ‘field, 
“et 8 should they be of the ‘type | demonstrated by Fig. 3, 0 (@ me 5? These and 


other questions could be. answered in discussion. 


“introduced the paper are summarized for 
depth of the beam; ad 
distance from the neutral axis 0 extreme | fiber 
in compression ; as a subscript, c ap “conerete” 


— 
3 = sary to re-design the section by increasing the over-a imensions, 6 an = ES Me 
- 
— 
a 
— 
— 
cate that the line of direct pull Talus ecnective SCCuOn And 
— 
— 
— 
Bie - 
— 
— 
— 
~ 
— 
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q ment on the tension side of the beam; d: = total int of a 
ata - beam; d, = depth of cover on the steel reinforcement, meas- ia 
ured from the centroid of the rods; k d = distance from — = 


ik il extreme fiber in compression, to the neutral axis; 


= ty force, espect to the geom 4 
eccentrici y of the resultant for qT, » in respect to the met- 


rieal ax axis of the entire section 
on : ‘unit compressive stress in the extreme fiber of 
@ concrete section; fs = unit tensile stress in = walt: 


stress in the upper steel rods; 


Fd 


from extreme fib fiber i in compression to. the 


ratio of the moduli of elasticity, ( n 


K : M_ pie ana 


sis 


= 
— 
t = thick A, = ectional E, for steel; 
ction 
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‘PROGRESS | REPORT OF THE COMMITTEE OF THE 


4 e Committee on Water Conservation was appointed in 1 1929. Except 


for the annual statements of progress and ‘program, 1e Committe 
ay made any report to the Irrigation Division since its “organization. 


Presents the ‘results: of its. activities and its ‘conclusions on several matters 
a) 


principal work of the has consisted in the study of several 
matters relating to water conservation by sub- “committees of its own cote 


e sponsorship of two conferences on water conservation held in Los Angeles, 


‘The membership of the 


in order to reduce the “expense of Committee In 


Committee has “directed its. activities largely toward water con- 
servation of importance in California, and more particularly toward the 


problems of Southern California, which are acute all of direct public interest. 
Sub- committees on the following subjects have been appointed: (1) Water 


Spreading ; (2) Permeability of Soils. in 2 Relation to ‘Water ‘Conservation; 
Bibliography Relative Water Conservation and Allied Subjects; (4) 


Modifying the Physiographical Balance by Conservation Measures; 
sorption of Precipitation (Rainfall Penetration) ; and, (6) Legal Status of 


a7 ¥ 


A paper entitled “Modifying the Physiographical Balance by Conservation 
Measures,” by A. Sonderegger, M. Am. Soe. C. E., has been published b 


the | Society? as the result. of the work of the Sub- Committee. 


Papers’ covering the ‘results the Sub- “Committee on Permeability of 

Soils have been prepared by Chien” Hi. Lee, M. Am. Soc. ©. E.; and of the 
Sub- Committee on Legal Status of Ground- -Water, by Harold Conkling, 

‘Am. Soc. C. Similar papers a are in “preparation for the Sub- Committee on 
Water Spreading, by ‘Kenneth Q. Volk, M. Am. Soc. E., and on th 
Precipitation Absorption, by Harry KF Blaney, Assoc. M. Am. Soe. C. E. dos 


he Committee has also endeavored to assist in the: Programs relating to 


ad, 
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Nore.—Discussion on this report will be closed in March, 1936, Proceedings. 
Presented at the meeting of the Irrigation Division, Ld A 
Bransactions, Am. Soc. B., Vol. 100 (1985), p. 284. 


CONSERVATION OF “WATER ~ Reports 


es 

March, , 1935. At these conferences papers’ on subjects to water. 

_ conservation were presented, followed by field trips to areas in | which ini 
ments were being conducted. The purpose of the Committee i in 


been that clearing house.for research ‘programs and 


a ae The 1930 Conference discussed mainly 7 matters relating to the consumptive — 


3 use of water valley ‘mountain vegetation ; the conference this year 


committee was. ‘appointed to ‘prepare program cored 

by the various ‘public agencies working in this field. Many of 

the lines investigation recommended a are now in progress, and, for s some, the 


_ Papers presented at ‘the 1930 Conference were dis- 
tributed among those i in attendance. _ Those for the 1985 Conference are now a 
being e e as soon as funds’ are ‘made available 


for that purpose. — Many of the conclusions are included in ‘the resolutions 


_ passed by the conferences. The data on which the Committee’s conclusions 


rest are ‘not included in this report ‘due to limitations on its length; much 


4 ‘the supporting material is included i in the papers presented at ‘the con- 


Conditions affecting water conservation Widely in different locali- 


Conditions in Sout hern California, represent a combination of factors: 


‘that is found in few other areas, There is probably no general area in the 
United States where the local water supply is as limited in ‘quantity an 


valuable for There are few localities where steep erodible 


areas adjoin as highly. developed valley lands. In few areas is the annual 


_ yainfall ‘insufficient to maintain native vegetation larger than brush ; and ye 4 


- there are areas where the rainfall during parts of the year occurs in heavy 
storms resulting in excessive rates of run-off and erosion. This ‘combination _ 


of factors results: in an urgent need for the conservation of as much 
3 possible of the local water supply for use as well as to prevent ‘damage from q 


ne its uncontrolled run- -off, Although much of the Committee’s work has been q 


fy 


5 ation to the problems of this : area, it has attempted to distinguish its 
which have only a local f me 


rom it ose that have a yore 


ication 


"Evaporation from w aa 


thatertel. on this subject by the Speviat Committee 


Irrigation Hydraulics of the Society has been published in Transactions, 
Volume 99° (1934). There was additional discussion of this the 


the results with readily available climatic such as wind movement. 4 


4 
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Two. lines of investigation have been 1ollowed 1m the Study OL evaporation. 
— 
Be, 
— 


ON OF WATER 

temperature, and the subject on the 


; basis of the solar energy received. Both lines of investigation are useful, and | 


complete study of the subject r requires consideration of ‘them 


Sufficient direct observations, are “now available to enable 


estimated enough for most water supply ‘purposes. Except 
for reservoirs of shallow depth | or long periods of carry-over storage, evapo- 
ration is not a major factor in water supply development. Present 
tion evaporation water surfaces i is now generally adequate 


ia Observations on evaporation from water ‘surfaces i in pans or tanks are use-_ 


ful as a standard of comparison with evaporation from soils and transpiration 
from plants. Much experimental work in this field is under way, and the 


inclusion of observations of evaporation from \ irfaces is an essential hah: 
‘part of such programs. _ The variations in different months of the relation- 


between evaporation from pans that from large water surfaces 
illustrate need for such a reference base in such work. 
date , no dependable formula for evaporation applicable to large geo- 
graphic: al which data can be determined by 1 ‘means of existing 
_ weather records, Rae been developed. It i is not probable that such a formula — ee 


‘can be \Reindped as. evaporation depends upon other factors besides those 4 
which have usually been observed at Weather Bureau stations. Such a 


roa 


formula, if obtainable, would have the most — as it could be 


Evaporation | catinot. exceed ‘the water ‘that can be converted 


into vapor by the “amount of solar radiation ‘received ; ; it is less than this si 


ide amount as losses in solar energy occur, and it is not all available to 


“produce vaporization. Measurements of solar radiation have not been made 
extensively, and the application of results for one wr wh y to other ar eas, has 


gg! the Committee’s ‘conclusion that: there is need for thorough 


extensive study of evaporation in | which the two points of approach previously &. 
mentioned are ‘combined. Many past experiments have been limited in scope ae 


oF conducted for insufficient periods ; there 1 is little need , except for arc: 
it 
for r further observatio 
continued long enoug to cover climatic variations is needed a an nd vir be 


. 


be such a study California offers climatic 4 


conditions with its freedom from ° winter freezing ‘and the large rates 3 of loss 3 


In line with these conclusions, the 1935 Conference passed the 


_ “Whereas,there is need for a complete and thorough si study y of the factors 


‘ 
affecting evaporation and their quantitative effects ; 
nd Whereas past | experimental work has not been sufficiently extensiv 


ee aa thorough or has not been continued sufficiently long to secure ‘adequate — 


_ 
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in its intentions and results but ‘inadequate for 
“Therefore, Be It Further Resolved that the conference favors the under- 
_ taking of a complete and thorough research program on evaporation based — 

upon adequate financial support by Federal, State and private agencies, so _ 
that it may be sufficiently extensive in scope ‘and continued for sufficient time 


to panes the needs of the engineering and other scientific uses of its results. i 
Economic Use ‘or Tansaarion “Wiaten 


Recent deficiencies in rainfall and run-off have resulted in increased 
interest in the ‘determination of the minimum quantities of use for irrigation — 
with which adequate. yields can be maintained. ‘i Due to water 


The necessity of conserving, the limited water supplies of Southern Cali- 
fornia in order that the maximum feasible a area may be served is generally 
recognized. Much valuable investigational work in this field has done 


pe and is ‘still in progress by State and Federal agencies, ~ Many of the results: 
7 were presented and discussed at the Committee’s two conferences. The Com- 4 


mittee recommends the continuation of these. investigations by the appropriate 
EX Among the results of the study, of the best irrigation practice for different — ; 
soils has: been ‘the demonstration of the advantage using g different fre- 


2 quencies < of application and the need for flexible delivery schedules for service | . 


2 from the e canals, Under past practice many canals have been operated U pnder 
fixed delivery schedules with uniform periods between irrigations. Many 


canals i in this area have little piers or surplus pump or canal. capacity, and 


ost uniform d deliveries are required to enable the area served t to be supplied. The > 
i relative advantages to the users of flexible service on demand and the cost. to 
the company of the changes: necessary to enable such service to, be furnished 


are individual problems for each canal. system. The experience of the com- 


panies now , modifying their delivery methods indicates that many canals will | 


be able to, supply at least a partial delivery on ¢ demand without excessive 
increases in the enat ‘of. operation. some companies. this may be accom- 


plished by the development | of ‘auxiliary ground- ‘water supplies 1 at sone, 7 


To Use or UNDERGROUND Water 19, hire evi 

principles Baverning Tights to the use of percolating ground: waters 


increased use of source of. during decent drought periods 


paper on this subject has been prepared by Mr. Conkling at the request of 

.. this Committee.’ The subject was also discussed at the 1935 Conference. 
‘Different ‘systems of title t to t the utilization of ground-water are ‘in use i 
Si - different States. ‘. In most of the States principles i in use in other jurisdictions a 

were first adopted hy the Courts. Later and | more extensive ‘use of ground- 


"water in in of the States has that such are “not 
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December, 1985 CONSERVATION OF WATER 
to securing the best utilization of such percolating waters under the condi- — es 
tions of these States, and modifications of the earlier decisions have 
made. Recent American decisions on ground-water have been directed largely 
toward establishing rules of law for such waters that could be o auatiad to the 
physical conditions of use. process” is still i ‘im progress. “J 


California has been a leader, both i in extent of u use of ground-water 


ciple of correlative rights, as established by the California -Court..in, 1903, 
represents: a real effort to find rules. of law that would equitable 
s different classes of use and still permit a full development of this natural 7 


‘resource. Experience with these principles under the many conditions. of 
actual use has shown some shortcomings. Correlative rights as now recog- 


nized in California » are an effective s: system where a ground-water basin con 
tains ground- water supply in excess of the needs of the overlying lands; 


relative rights” of owners of land which c overlies the ground- -water, ‘and 
distant takers, permit a full use of the available supply. to ulto 
| eee California principles o f under ground- water law are not as well 


adapted to areas where the supply is less than the needs of the overlying lands. 


‘Unfortunately, this condition occurs in many areas, For these conditions 


tk each « owner is entitled to his pro rata’ share of the available ‘supply, and | over- te. 
Ps lying owners first developing use have no protection against over-draft result- fF 


ing from later use by other overlying owners. With the extensive projects now 
contemplation for recharge of ground-water from distant sources, ‘some 


basis of title to such artificial | ground- -water will be needed. 
principles regarding ground- waters in California are the result 
Court decisions. Although eventually these precedents may yield ‘to public = 


‘necessity, there is usually a considerable time lag during which 
po conditions continue. The Committee considers that there is need in Califor-— es 
‘nia for a reconsideration of this subject i in the light of present knowledge: ed 


‘should be made only after. careful consideration by all the interests con- 
cerned. ‘The Committee 
mendations | on this subject. It does, however, urge “its consideration and 


offers its co- -operation with others concerned in seeking to find the best means — 
of accomplishing ‘the desired result. It considers that Constitutional 
, perhaps along the lines of the recent Amendment of the Cali-— 


_ fornia Constitution regarding ‘Tights of riparian owners on surface streams, ae 


a is probably ; necessary to effect such a change, and believes that efforts to draft “oi 
and secure its: s adoption are the present hotter 


~The study of factors affecting soil ‘erosion and methods for its control 


have come into muc prominence | during the past ‘two years. Althoug 
"many. of the problems of soil erosion | are related onl indirectly to water 
conservation, the two subjects also overlap at many points. ‘Recognising 


this ‘condition, this ‘subject was: ‘included ‘the program of the. 1935 Con- 
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©. E., Regional Director, S. Soil Erosion Service’; “Lewis A. J ones, 
M. , Am. Soc. C. E., Chief, Division of Drainage and Erosion Control! Baiewu 
of ‘Agricultural Engineering, U. s. Department of Agriculture, and Messrs. 
Ri I. Kotok and Charles: J. Kraebel the Staff: of ‘the California Forest and 


% conservation. From the large amount of experimental work now in progress 
“yy 

Bere many da ta are becoming available. Points at which soil erosion affects water 
conservation are touched upon in the other parts of this report. 


_ Discussions of the effect of burning of the brush cover on the water supply 
obtainable from a a drainage area have been frequent and prolonged in this 
and other parts of California. At times, the heat of discussion has approached oe 
that of ‘such ‘fires. Many differences of opinion still exist. The Committee 
ie desires to call attention to a few items affecting this question. _ jie ea he 3 
_. Vegetation on a water- -shed does not conserve water as far as the total ; 
water yield” is. concerned, as the moisture consumed by transpiration is lost. 


_ However, vegetation may effect, materially, the character of the occurrence of FE: 
ru run- “off, both i in the amount of flow. and i in the amount of which 


makes thi: s subject an essential part of ‘present study water 


on the amount and occurrence of the rainfall, steepness of, 


_ drainage area, susceptibility to erosion, an and other related factors. atta’ yy a i] 


oo In areas of small slope and infrequent. heavy rains, . burning ‘may reduce 


ranspiration and conserve . water without causing floods or serious | erosion. ‘ 
In the steep and easily eroded areas adjacent to Los Angeles, _where pl 
9 vinter ra infall occurs at semi- -frequent periods, experience shaven. that 
of heavy storm following a burn results in highly | destructive fl floods and erosion. 
Until other, methods. may be developed, experience. sho that t burning of 
_ the native vegetation on these local areas should be prevented as far , 
a practicable and that such control of burning justifies drastic ‘control of, the a 
use of these ‘areas for other. purposes. The Committee, however, desires” to 
oa add a a word of caution regarding the application, of these conclusions to other — 
Sg areas, where the conditions governing run- -off may be different. or where the 
lands below the steeper drainage areas h have adequate flood channels, or lack 


aa 


valuable may. damaged. Conclusions based. on condi- 


foot 
portation of the poe débris where erosion is not, or cannot ‘be, prevented. 


Principles: governing the transportation of silt and other débris by 
running water have “not been - fully” Plan s for adequate control 


Soil Service, Dept. of ‘the Interior, now Soil Conserv: tion 
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pplication to the of the eroded area. obant ~ 


Se eae or mud flows have been measured i in which there has not been suffi- 


for the determination of ae laws of flow. The mud flows 
pense storms on steep eroding areas are much more viscous than those of — 


streams carrying heavy suspended loads, ‘and special methods are ‘needed for 


- Much work, both i in lobanatecios ‘and in the field is now under way on ee 
subject. The Committee urges the continuation of such studies. Present 
4 activity in this field includes several agencies. It appears to ‘the Committee s 
that: co- o-ordination of the Federal activities in this work may be needed, and 
the ‘Committee recommends that the Federal Government should -concen- 


: 4 trate the responsibility for such work in an appropriate agency with: provisions Ths 

Warter-SpreaDING AND CHANNELS 

Water- for the purpose of increasing the percolation 

ground- ‘stones: is a widely used and well established part of current 4 


practice in Southern California. By ‘such -water- spreading is meant the 
diversion: of stream flow on to adjacent areas: of pervious material where 


ig 


may be held until absorption occurs, Such spreading ‘enables a larger. part of 


i the stream flow to be absorbed in the ground- water basins “which represent _ 
uch an essential part of the storage systems on streams in this area. 


aos “There has been some tendency to regard water- -spreading as a ‘method of 


control, This i is erroneous the ‘capacity of spreading works cannot be 


sufficiently large to control major flood flows. At flood stages: ‘the water 


may have too high a silt content to be suited to spreading. 
actual construction. rt their r course or by failing | to keep the channels ne 
of ‘Vegetation. ‘Such tendencies have been ‘more active on streams 


means of on main stream, flash: floods. from lower 


capacities as the uncontrolled stream. 


‘used in flood or débris ‘control have ‘been s ubject 
‘much controversy as check dams. As the term “check dams” is generally 
a used i in California it refers to those structures not exceeding 5 to 10 ft in 
height built in the beds of stream channels to reduce the grade and retard 
the flow. ‘More substantial and larger dams having a material amount of 
storage: ‘capacity for débris ‘or water are not included within the meaning ee 
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extravagant claims for the of these structures 


made. Equally strong criticisms have advanced. 


a result of the experience with this e of the con- 

- clusions have been reached by the Committee. These conclusions are taken 

_— from the following resolution, passed by the 1985 Conference, on 


ams in the mountains’ 


of of a nominal of from five to fifteen feet, about 


_ “And Whereas the term check or débris dam i is 3 generally applied to struc- 4 


_ tures too small to create regulating storage, = 


“And Whereas there prevails an erroneous ‘conception or on part of the 
_ public as to the function of check dams for flood control and conservation, - 
“And Whereas the of check dams has been wt the Water 


“9 —Permanent débris dams in the mountain watershed properly designed 
and constructed, though seldom economically justifiable, will reduce the pro; 
duction of ‘débris in erodible stream beds and may assist in stabilizing and 
ao —Check, or débris, dams do not assist materially in the conservation — 
A, —Check dam systems do not affect the regulation of capital floods and — = 
be recommended as flood control measures. They give an impression 
of false security to the residents of the lower lands. a 
“5.—The building of check or débris dams does not obviate the necessity — 
for storm water or flood channels for capital flood peer below the mouths © 


, There ere; Bo! It Res olv that ‘these be! 

representing the results of the deliberations of this Conference and that copies © a 
_ of this Resolution be submitted to the authorities who are interested in the 
Daniel of Flood abuse Conservation of Flood _ Water, and Erosion Control.” © 


< 


check dams more ‘than a resolution favoring or action n regard: 
a 


some extent, investigatioi of ‘of various factors affecting water con- 


servation have been carried on by local districts or private agencies. How- 
ever, the main burden of such studies has been, and ‘should continue to be, 
earried by. State and Federal a agencies as the results. have more than local 


Much. of the 1930 Conference was devoted to presentation by investiga- 
tional. agencies of the work under way and its r results to that date. - ‘Similar — 


Presentations were “made at the 1935, Conference. The great number of new | 
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out in the 1935 Conference. 

previously mentioned, the 

need for definition of the fields covered d by different agencies: a co- -ordination 


of their pr programs to prevent overlap. A suggested program \ wee included in 


outhern Oslifornia the ‘Federal Forest costs 


“main bon been the creation of employment, : a set- “up 
om been created. The Committee calls attention to the obvious fact that 7 
the value of this program will depend not upon the e expense of the installation i 
necessary for its initiation, but on the continued ‘support for the ,observations 
over a relatively long period which will | be necessary in order to secure adequate are 
‘results. The Committee urges that, since the c costs s of installation have now x 

been incurred, provisions should be made | for the sustained support of the 


experimental work for a sufficiently long time to furnish records coverin. 


Papers w were presented at the 1935 Conference on the results. of intensive 
studies of yun- -off from small areas. 7 Such ‘studies have been made by local 


agencies well as by divisions of the Federal Government, This work i is be- 


ing continued. The considers such work represents a com- 


Committee that there is need for a closer co- operation among the agencies in 
‘field i in ¢ order | to and to make ‘the results different 


experimental r run-off plots, recommended the a appointment ofa ‘committee 


i “to standardize such tests and to seek a solution to the following questions: 
()! Effect of interception by brush ‘and timber on run-off; (2) effect on panne 


off coefficients of different soil moisture contents ; (3) effect of size of test 


plot; (4) relation of soil types to run-off coefficients ; (5) relation 


te Com on 
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AMERICAN IETY CIVIL ENGINEERS 


i TIONAL | DESIGN OF STEEL COLUMNS” 


T. M. Am. Soc. C. (by letter). The method of analyzing 


steel columns, proposed in this” paper, is the most rational that has 
advanced to date. 1 The problem has been defined ‘concisely by B. Leffler,” 


M. Am. Soe, C. E., as follows: “The problem of the column is one of bending 


is joment. The very fact that a column fails with an average unit stress below fase 

the strengt of the m material is evidence ‘that it is impossible to centralize the 

load at every section, 4 * The parabolic formulas now generally 

ated and widely used omit entirely (except as covered by a “constant, 

senting assumed average important factors of eccentricity. and 


can be logical nor complete. ~The writer feels, however, that 
‘Engineering Profession « can adopt Mr. -Young’s procedure. iti must have me 


more general knowledge of ‘secondary bending actions, and more definite 5 


information regarding actual eccentricities ‘to be expected columns, 


by careful: and comprehensive field and ‘shop measurements. 
Furthermore, the rational design of steel columns must. necessarily take into 


account a number of factors not  Fepresented i in the formula but which directly 

affect the strength of the column. “Among the latter are the following: 


The form of section including its strength under local buckling action; 
4 (2) -Adequateness of design of connection, ‘pin- -plates, bracing, and other 


<a 


items unfortunately too often. considered as. secondary | details; and, 
The: relative degree of excellence to be expected i in shops 


fol in field construction in ‘matters ‘such as ‘milling, s setting shoes and grill- 


and. ‘maintaining the ‘structure in proper position during construction. 
In short, it is the writer’s that a column formula should be 


tied up directly with specific clauses in design and construction specifica- oe, 


a 1934, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
March, 1935, by Messrs. William R. Osgood . Alfred S. Niles, J. F. Baker, and K. L. 


“fn Nore.—The paper by D. H. Young, Jun. Am. Soc. C. E., was published in December, 
0 DeBlois; May, 1985, b Marvin, A. Gray, “Hsq.; and August, 1985, by Messrs. BR. G. 


Sturm and Marshall Holt, BE. Turneaure, N. J. Durant, B. C. Hartmann, and Edward ot 


Received by the Secretary October 24,1935. | 
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WYLY ON RATIONAL DESIGN OF STEEL couumns Discussions 


ill be followed . The writer ‘desires’ to ‘discuss briefly s some » of the evidence 


qt should be recognized at the « outset that the problem is concerned, with: 


demess ra ratio, in the plane of the ‘truss, of main columns of heavy bridges will” 


_ usually be 40, or less, except in the inclined end posts where it: may be 60 or 75. 5. 


In a light highway bridge, particularly if rolled wide a beams are used 

as columns, the ‘ratio may be as high as 100. the =. ratio normal to the 


PRE 


truss be less. In short, the Euler values ‘not enter into 


t | by secondary stress: analysis, the following facto rs should 
taken into account: (a) For a large bridge with subdivided panels and 
heavy chor ds the secondary hangers or struts will be relieved of considerable 


primary stress by the beam a action of the chords, with consequent reduction — Y 
of secondary moments on the chords. themselves ; : and (b) with railway load- 


‘moments in 
The foregoing facts have been established by J. I. Pare 
Mane yf “Members, Am. Soe. C. E. ‘There i is the further question o ‘of f whether, 


at the present time, it would be advisable to entrust the ‘matter of a a ‘secondary. 
analysis © of a truss, and consequent. selection of a column formula for indi- 


vidual members, to the average designer. ‘The writer's view is that. much 
more work will have to be done o n this problem and certain standards estab- 


lished by the profession before th the method w will be satisfactory fo for adoption r 
in a specification. _ The same applies to eccentricities arising in a plane 


normal to ‘the 1 truss due to floor- beam or other rigid-frame action. 
M easured Eccentricities. —With regard to initial enpekedness of 


4 the F inal. Report of the Board of Engineers of, the | Delaware ] River Bridge, a 


, shows ‘measurements taken 
on two columns varying i in n length from 29 to AL ft. Initial crooked- 


ugh 

‘ness of 4 in. more were found, and were just as great in the short mem- 

ir bers as in the ean The writer has taken careful measurements on about 


columns fabricated for a large highway bridge y a modern shop 
and has found initial crookedness of to i in. These ‘columns were a3 


long as 100 ft, an ‘the ‘sectional areas up to 75 sq in. and most of them had : 
central longitudinal diaphragms included in the section. The short. columns 
showed as much eccentricity as the longer ones. It is the writer’s belief based 


on the foregoing information, a and on ‘discussions w with Shop 3 foremen and 
inspectors, (1) that initial crookedness is not necessarily a function of length 


@) teatt it is likely ‘t be as much as } in. for a short column; and 
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that ‘should. not in. 

tion is adequate. ‘Furthermore, the ‘point. out that it seems 
reasonable to believe that a column with a central longitudinal diaphragm — 
or web- “plate normal to the main _webs should 1 have less ‘initial _crookedness 


= than one in which the webs are laced together, the shop work being easier 
in this Tespect. The writer would propose a clause in construction specifica- a 


tions limiting allowable initial crookedness of a column to an amount: equal He 
to 0.125. i in. plus 0. 0.0002 L in which is length of column, 
making a a greater amount than this cause for rejection. 
There are are important initial end « eccentricities to which 
subjected, which are not ‘primarily to rigid frame or secondary ‘bending 


action but toy what may be termed accidental “misfits in or field work. 


to improper column ‘alignment due causes 
8 ile ¢ following: | (a) Improper fit of lateral bracing may pull members out ae 


of line tran nsversely ; and (b) settlement of | one or more falsework supports be 
—Eceentricities due to misfits at ends « of columns ‘which depend la gely 


ould be noted that the, methods of ‘computing the. ultimate strength 


rom secondary, bending. agiveiny te snide. Lif port 


iy column may be subjected, to eccentricities due to improper igo 
and unless. careful cheek i is Maintained | of the Position of .a structure during ts 


“escape detection. An by Lateral Bracing 
example in the writer’ 
experience is. shown» 
in Fig. 26 in, which He 
bridge column, shop 
riveted. to.a length of 
100 ft,» was pulled, 
2 
field by an improper fit of lateral. bracing... This was corrected by reaming 


he lateral connections. a Some idea of ‘the shears that i may occur in a column 


Tt is. the. writer's errors of this, type. ban 


aa are: All end. posts. or main vertical posts at 


BS Piers that bear directly ona footing, | on pins,: on shoes, or. on grillages; (2) main 
2 "truss, | or building columns that depend partly. or. entirely on. milled ends for 
load transfer at splices ; (3) trunnion columns supporting m main trunnion bear. 
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ALON Dise ussions 


ing  counterweights, span ‘and. ‘tn bascule or r vertical 
«dif bridges ; and, (4) columns in movable bridges, that bear on main trunnions. 


Gage 1: Shear 6 £4 @Divided by: 


- 


wage 
Case 2 2: Shear = 12 @ Divided 


be ‘subject. to ‘severe bending from lateral loads in addition to direct 


A source of s serious error in ‘fit at of ‘the columns of Class: (3) may be 


girder. shims of varying thickness’ in this case. 


it is. ‘msifestly impossible to Bet a thin shim which’ is perfectly flat, 


| that at the bearing will not take. its final ‘position on the ‘column consider- 


able dead load. from the structure has been added, , and at that time the actual 


error usually can not be detected or corrected. Where : a cross- girder rests 


on the column the problem i is further complicated by the fact that the girder 
will be subject to flexure—o often. flexure—after the fit has been made 
and the dead load added to the girder. In ‘the case of the columns of Fig. 28° 


‘special adjustments were made, after careful study, to take care of this. matter. 


If there is any error in _ shop or ‘field in making the center of the trunnion 


normal to ‘the plane of ‘rotation of the truss, the members of Class (4) 


and Fig. 29, the results of careful measure- bk 


ments’ hie on “milled ends of trunnion columns on two 


; different bascule bridges. In each case the grillage top plates were finishe 
in the shop and were set in the field with great care. The measurements were 
‘taken after the ‘columns had been lined in both directions and had been’ placed 


in ‘proper to receive ‘the: cross-girders or bearings supporting 
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of under the main material of the column. on 


the. s of the columns in Fig. 29 were taken ina similar manner. _ All 


were checked independently by: 
About X Aus == 36 About XAxis=37 ani 
of Columns = 35 Tons Weight ofColumns=10TonsEach Sa 

Plane of Column Tops~__ @ > 
ed ot od binoda 4 


(Level) 


called to the fac ct that in Fig. 28 the actu al milled s idifisbiéd vary from “the AM, 


by an angle of 0.0012 radian, and that in ‘Fig. 29 the surfaces vary 
- from ‘ the normal by as s much as 5 0. 003 radian. In each case the weight of thie 
6 columns themselves is sufficient to cause thém to come to a 


‘to come to a firm bearing at _ 


the | bearing | edge or corner. It is “apparent in the case of these columns a 
the error in milling bears no relatior n to the s of ‘the 


3 ‘column, _ The columns in’ these two bridges were fabricated by two different 


firms, each ‘enjoying: well established reputations for high grade work, and 
the was inspected by professional shop inspectors. Furthermore, it 
- should apr ad in the case of each bridge, the milling of the columns — 


f the second leaf (not shown), , Was very satisfactory. In the case of the 
columns very in Fig. 29, a proper bearing of the member on ‘the grillage 


Was obtained by tilting the columns. The Final Report of the Special Com- 4 


mittee on Steel Column Research” shows « even greater errors in end ‘milling. 


- Other instances | of measured eccentricities at ends of columns due bed errors” 
or in field work are, as follows: 


which latter was - seated through. castings on | heavy columns the writer found a 


load to be ‘off ¢ center on one column by an amount of in., and off center” 

another by an amount of 13 in. ‘These measurements checked by 


_ independent observers also, In the case of two other similar reread on bond a 


‘same structure the load was found to be located centrally. 
(2) Column No. of the Building, in Des “Moines 


howed stresses were ie ‘a rotation of the lower end of the column 
through an angle of more th n 0.001 radian 


Eng. Exp. Station, Iowa gates Coll, Ames, pp. 6 and 25, and 


Be @ ih the case of a large movable bridge carried on a heavy cross- -girder 
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Ohio® a “rotation: of ‘the ‘lower end of 


the column ‘through: an angle of 0.00138 r adian. AIL 
Attention is ‘directed to the implications of such eccentricities. Inthe 


aie of all the columns shown on Figs. 28 and 29, , the weight of the movable : 
was sufficient to force the column completely down to a bearing on the 


— grillage 3 plate. ‘It should be “noted that the errors due to milling at the base 
- may well be duplicated at ‘the top and that the eccentricities may act on the 
oe é same ‘side of the column, producing single curvature in the column 1 and bend- 


= stresses at the m middle (which 1 may or may not be serious), | or they n may 
= act ¢ on opposite sides of the column-¥ with resultant heavy shearing stresses. 

Pig. oT illustrates this elation, showing the shears that will arise from this 

effect of direct column load, 


arising from this source alone] are ely to so heavy that they can not be 


as 0.003 radian may occur He would tke to. urge, the necessity. of, a 
comprehensive investigation in shop and field of actual 


_ The writer would also propose a special | clause to ‘cover  dliieiton sa con- 


struction specifications and would suggest that, definite limits to milling errors 


be set at an angle. of 0.0005, radian and that larger errors than this be. made 
wa cause for rejection. He: would also call attention to. the necessity for intelli- 


gent shop and field supervision in this work. T 00 often this» work is entrusted 


to inspectors who have not adequate knowledge of the problem. ra 


Local /Failure— —The writer desires also to discuss briefly question of 
local failure of the built- short column and one or two factors producing 

such failure, together with its implications regarding the questions of column ‘ 
design raised in this paper. It. is important, to recognize that most of the 


models. of large ‘columns , which been tested and reported in available 
es es engineering literature h ave failed, not through | integral action, but. as a con- yf 


of jocal distress. Consider, for example, the models ‘of. the second 


ASF 


Bridge having a stiffness ratio of 60 —, or less; or, again, consider _ 


= Models or US2MS1 of the Memphis (enn), Bridge.” For a ‘number 
of | years,, prominent, engineers, even felt that it Was impossible to design 


short columns ‘that would not fail locally. One investigator. has stated :* 
“Now if one point be clearer than any other in regard to built. up columns, | : 
mae it is that they do not act as solid or homogeneous columns. Unless mppreperly 
they fail locally by the flange bugkling between panel points, 


— 


Technologic No. 101, National Bureau of Standards, U. Dept. of 


“Columns”, by B. Salmon, 1921, p. 185.0 re 
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nd it. is their strength in this connection which 
a whole. If, of course, the column deflect in a direction spelen ak 
the plane of the web bracing (lacing) only, it act: asa solid 
no question of built up column arises.” 

However, the integral failure of 

Bridge columns ‘may v well be said to established conclusively 
that it is entirely practicable to design short columns | that will act as a unit, 


and it seems obvious to the writer that, until knowledge and practice of 


designing section, end connections, _ transverse bracing, and other 
features too > often considered as secondary details, is such that local failure — erase 
is avoided, it is futile to rely ‘upon any theory | of integral action in column © a 
design. T illustrate, the Seiten. of Model U2M 1 of the Memphis Bridge, 


local failure of the forked at a unit stress, below 


design of ‘columns ‘must “necessarily include the design of any 
ve tion feature the premature failure of which can precipitate the collapse of the 
"main member. There are a number of features of this class which are not ade-) 
‘quately treated rig design specifications : at the present time. Prominent 
a them are: (1) La Lateral bracing in the plane 1 normal to the plane of the main — 
when of a column, this bracing commonly being composed of lacing at present; a ia 
the « question of the proper relation between the size and stiffness of main 
¥ ‘flange angles and the web- plates; and, (3) t the form of section 1 as influenced by fee» 
' With regard to the matter of lacing the writer | feels strongly that a com- 


sinks revision of present practice is ‘urgent. ‘He wishes to call attention 


@ A column i is subject to bending i in the plane normal to the main we 8, 
often quite + ‘as much as in the plane of the webs. Lacing’ does not form a 
‘proper element to resist this bending ; “4 


(b) Lacing on columns at present i is: usually much dverlddded and the 
sign loads: specified are frequently about 50% of total stress carried ; and 


aS As used at present, lacing induces serious deformations on the web 

of the columns: at splices, internal diaphragms, or other. points of rigid sup- 

port of the webs, with a direct material lowering of utilizable sapacity of 


the main member, 
7 Be: The foregoing propositions will be considered in the order listed. In-view 


of the relative { flexibility of a system of lacing, as compared with as a 1 solid plate, 


it. seems evident to | the: writer that the latter is essential order t to develop 


shows the curves: for deflection ‘normal “and “Parallel to main webs, 
Model U2U8 o of the ‘Municipal (St. I Louis, Bridge. Te will be noted 


that at the limit point of the column (namely, about 000 ) 


sq in.), the lateral deflection in the plane of lacing is about five times’ that 
in a direction parallel to the main webs. It 
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the Metropolis Bridge” fi that the 


plate in the section , is much larger 


then the deflection ‘in the 


parallel to the main webs. Fur 


thermore, most lacing is liable to 


recting; it is ‘inherently weak « 
* structural detail i in it is 


connected the ends” i one 
or two rivets. The difficulties 


from the failure of lacing are 
well known to require 
Panama, 1915, during the 
official test, and under smaller 
load than that for which it wi was 
designed, of the new 280-ton float- 
img crane built for the Federal 
Government, was ‘caused: by such 
failure of lacing. With lacing re- 3 
d by solid central” ‘plate 
no ormal to the main webs, the effect 
f a loose rivet or two would no 
Present Erection. is to ignore 


completely in In “participation” 


of Column 


Center Line 


—o 


o 


Column Load in Thousénds 


of the material ai 


ike under stress. _ Measurements on test 

models have shown that the lacing- 


bars adjacent to tie- plates, ‘splice- 


plates, etc., are | subjected to heavy ai 


oor 


1 


— 


from transverse shears. Th addition, 


the lacing on portal columns of 
‘through bridges is subjected to the vied Deflection in Planes 
e' lection in anes eflection in Planes | = 
shears arising from lateral loads of Lacing of Webs 
are neglected in the design of the lacing. result, the lacing, at 
ee Fechnot ogic Paper No. 101, National Bureau of Standards, U. S. Dept. of Commerce. 
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designed. 
However, the main objection to present practice in lacing, from the writer’s 


iewpoint, is that it induces distortions in the main column material at 


certain thus ‘precipitates local failure of the member at a lower 


subjected to the load for 
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tend out of line the of the column to Ww which they are 
connected as the main material distorts axially ‘under primary, load. At =. 
raw where the ribs are held rigidly in place, as at tie- -plates, internal | dia- * a 
splice-plates, ete., this movement is prevented, but at the first 
nection adjacent to these points of) support the lacing- bars” ‘are more or less 
free to move and, consequently, 1 the distortion of the main a material i is greatest — a 
at these points. Careful measurement both of this movement. and of the 
stresses induced in the webs of the column by it made in connection | with 


the tests on the models for the new Quebec Bridge.” ” The stresses in the main een 
material at these p points were found to be from, to 14% g greater than else 
where, and | it is probable | that the maximum stress was still greater since 

it was not possible to measure the stress at the sharp point of the local buckle. ie, 


number of test models of large built- “up columns that fail 


verse ties at Hi ends. of py 


and all included. in the section central “longitodinal web- -plate. normal 


to the main webs. ved An interesting piece of evidence in this matter is afforded 
by. the results of tests on Models 704, TCS, and TC6, o of the 1912 Quebec 
e tests,” in which the introduction of a central diaphragm plate i in ‘the ‘section — 
apparently increased the capacity of. the members about 18) ‘per cent. It is 
to be noted that in the case of “Model 0203, of the Municipal Bridge, local eet 
failure through lacing distortion was present; and yet the model developed a 
high percentage The presence the central longitudinal 


‘diaphragm sindoubteily contributed very materially 1 to this result, 


do Iny view of all the foregoing considerations, the writer would propose that 


solid plates or diaphragms centrally located, normal to the main web 
plates, be 1 required on all main structural steel having a stiffness 
ad ratio of 60 —, or less, and that preference be given the use of a solid plate tes 


instead of lacing wherever possible. Furthermore, he would | propose that ‘all 

P lacing on main structural columns bd supplied with transverse ties at all end 
‘connections. to prevent lateral displacement of the main ¥ webs, and that all 
lacing be proportioned to carry” the additional stress induced by this 
"arrangement. He would further favor a more ¢ definite requirement in tie 


pecifications that all lacing | and transverse webs on columns subject to to lateral — a Hf 
stresses be for such additional loads. indvoed stresses 


ay Final Rept. of Board of _Engrs., Quebec Bridge, Vol. 1, PP. 207- 208. 


a October 3, 1907, Vol. 58, dot 2 


_ December, 1935 
ii 
— 
— 
mf: — 
+ Ges j 
— 
4 
— 
> 
a — 
— 
= 
is 
x 
Ley — 
the Metronolis Kridge. were remarkably ee tron 
; 
— 
— 
4 
— 
— 
ty 
if 
le 


4 
LY ON RATION AL DESIGN OF STEEL COLUMNS | Discussions 


between the lacing and the solid plate whe: should rest on a 
-Fational basis of relative rigidity of the two systems considered as a truss or 
a beam over the length of the member. dt tad. 


se ‘The use of the sforementioned features is well established by ‘precedent. 


and 


‘dino. ‘reported to have been used in 1914 on n the Hoang Ho Bridge, i in China.” 
The writer has also used the foregoing features on several fairly large highway — 
= bridges. He was pleased to find that the shop foremen reported that the tie- 
bars were an advantage in assembling the e material and that no 
‘ difficulty was encountered with either the lacing or with the central diaphragm. 
fet: For smaller structures rolled or built- -up I-beam sections, with solid webs, 4 


‘Int the writer’ judgment, present the 
Proportions of flange angles t to web are entirely inadequate. The real impor- 
e overlooke: a, The chords of the first Quebec 
Bridge” were built of material having an elastic limit of about 40 000 Ib per 


aw in., and they were > designed originally to take. a working stress of 24000 tb 


The chords failed at an estimated ‘stress of 1 18 000 Ib per in.” The 
models”, failing through inadequate lacing, collapsed at at unit stress” 
estimated to about 22 000 Ib per sq second model, adequate 
= lacing, failed by the buckling of webs and flange angles between lacing connec- 
“tions at a unit stress of about 30 000 Ib per sqin. This type of failure is also evi- 
denced in the test made by AL N. Talbot, Past- President and Hon. M. Am. 
d Professor H. F. Moore™, in 1910. By analogy to the ‘ease of 
SE “web -plates supported : on the edges and partly supported by stiffeners i in the 
‘it is. apparent that the factors involved in this problem are ‘the ‘rela- 
tive’ ‘stiffness: of the plate and ‘the angles, the length along the flange a angles 
= between lacing supports, and the width thickness ratio of the web- plates aa | 
selves. ‘Inasmuch as the Bryan theory”, on which the buckling theory of 
column web-plates rests, assumes complete support against lateral displacement 
a “of the edges of the web, ‘it is apparent that the ‘angles must fu furnish this sup- 
in _ addition to being stable under their o own load. The writer would like 
the advisability of adequate tests along this line, the work to ‘begin 
where the web-plate tests made for the Delaware River Bridge ended. 
Finally, it seems to the writer that the foregoing considerations demon- 
strate conclusively that t the form of section to be ‘must be taken into 
account ‘when applying a column formula. ‘The of a central longi- 


tudinal _ web- plate normal to the main webs will undoubtedly i increase the unit ] 


~ 


a 


101, of Standards, U. 8. Dept of Commerce, 
Bulletin No. 44, Univ. of Tlinois Eng. Experiment Station, 1910, p. 


™ “Problems Concerning Elastic Stability in Structures’, by S. ‘Timoshenko, Trans 
actions, am. Woe. E., Vol. 94° (1930), ‘PP. 4 
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* tress that the will ‘but will actually the allowable load 
if calculated on an — basis alone, as is cee b the custom at Present. 


In conclusion, the writer desires to. ‘express his sincere appreciation and 


admiration for the remarkable work done by Mr. 
rational mathematical has. been 
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LOAD ACTION ON THIN 


By Messrs. vu. Ww. [SEIDENSTICKER 


Di FINSTERWALDER™ (by letter). clear and interesting contri- 

problems of eylindrical shells, and one that t will be useful, for ; 
8 

_ simplify cumbersome numerical computations ry connection with the 
3 theory. Accurate stress values are obtained by the use of a simplify- 
ing hypothesis; namely, that for each case of unit loading the relationship 
between the work of deformation of the bending stress components and ‘the 


direct stress components is constant for all proportions of a shell. 


nt Wy, of the, | 
neglected bending moments in the direction « of the generatrix 
the cylindrical shell The solution as proposed by Mr. Schorer neglects, 


more or less, the bending ‘resistance of the cylindrical ‘shell in the direction 
the and also influence of the stress components, and 


ev the work of deformation. For shells with widely spaced transverse stiffen- 

ee and of small widths the author’s solution will be accurate. The rise of 
the cylindrical segment will then be comparatively small and the stress com- 
ponents, S and 7;, will not play an important part in the work of deformation. — 
However, for for very wide cylindrical shells and although the distance between 
ae stiffeners” may bee considerable, the influence of S and will be “notice-_ 


able, and Mr . Schorer’s solution may become inaccurate. 


 Norg.—The paper by Herman Schorer, Am, Soe. C. E., was published in 

_ Mareh, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as a 

BS follows: ~ September, 1935, by I. K. no ea Jun. Am. Soe. C. E.; and November, 1935, 
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Ulrich Finsterwalder, International Assoc. for Bridge and Structural Eng.. Zurich, 1932: 
— also, Die querversteiften zylindrischen Schalengewilbe mit kreissegmentférmigem Quer- 
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Professor ‘Dischinger has worked on the problem, ‘ena has ber 

the exact solution. It is” not more complicated than the -writer’s 


theory, although Professor Dischinger was able to eliminate the 


SEIDENSTICKER,” 
many readers are reluctant follow through a series s of difficult 
if erivations, the writer fears that, in many cases, only the “Synopsis” an Ec 


Conclusions” of this excellent paper will be read. The wording of the con-— 

cluding ‘remarks ; may be misleading to the ‘average engineer unless they 
read as a part of the whole subject, hes 

fact that ‘the proposed method of shell ‘design is termed an approxi- 


mation does not ; mean t that it will be unsafe to use this method for practical ey 


applications, especially if one considers that the ‘established formulas of 


‘structural design for use in standard : steel and reinforced concrete ‘structures 


involve much higher degree. inaccuracy than ‘the method ‘presented by 
Schorer. His results are within a small of the elastic theory. 


‘They become less accurate in cases where the stiffening supports: are narrowly i 


‘spaced. it However, : an exact solution in that case will be less “necessary ; a 
ies be ‘interesting | to mathematical physicists, but le less so to € engineers, since 
structures of small do not a great amount intricate 


**Die strenge Theorie der Kreiasyliaderschale in ihrer Vol. auf 
-Dywidag-Schallen”, 


Received by the Secretary November 14, 1935. 
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SHEAR -AREA METHOD ot 


soir BY ‘Messrs. FANG- -YIN TSAI, AND DaviD AL MoLiTOR 


deviation method introduced by Professor Charles E. Greene” “of the Uni- 


versity of ‘Michigan, and the other is the elastic- -weight or conjugate-beam 
method ‘presented by Westergaard™, M. Am. and aby 


Professors Otto Mohr”, and H. Miiller-Breslau.” coy 
Tn the: deviation, method, two well- known theorems = 


—The angle between the tangents di drawn at two points on the elastic 


he area of the — between the 


—The devi ation of any — from the tangent drawn at any Raper — 


rve is imerically equal to 


The foregoing t two theorems have proved. very useful for determining the 4 


deflection i in beams, ‘particularly when the: point of zero slope on 
the elastic curve is known or easily found as in the case of a cantilever beam 


— 


Nore.—The paper by B. Compton, Assoc. M. Am. Soc..C. E., and Clayton O. 
. Dohrenwend, Jun. Am. Soc. C. E., was published in May. 1935, Proceedings. Discussion a 
on the paper has appeared in i ee as follows: August, 1935. by Messrs. George | - 
BE. Large, Samuel T. Carpenter, Roland H. Trathen, A. W. Fischer, J. Charles Rathbun, — 
- Harold R. Kepner. and Fred L. Plummer; ‘and October. 1935, by. Messrs. Albin H. Beyer, 
John M. Beatty, R. B. Peck. Ralph Ww. §tewart, Cc. WwW. and H. — 
arrett B. Drummond, and Harold E. ‘Wessman. 


1935. 


“Defection of Beams by the Conjugate Beam “Method”, Jo 
“Beitrag zur Theorie der und Bisen- -Construktionen”, Zeitschrift d. Arch. u. 
Vereines Z. Hannover. Vol. 14 (1868), p. 19. 


“Beitrag zur Theorie des Fachwerks”, Zeitschrift Arch. u 
Hannover, Vol. (1885), p. 418 
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. . slope and deflection as in the case of the moment-area method. . Such relation- 
‘a : ships as these are prone to be so complicated and cumbersome as to have no 


"practical value. The authors are to be cornmended for developing the shear- -area 
: ore along the line of the slope- deviation theory, but. along: the line 


of (or mathematical” beam, as nameéd by 


tes Although the foregoing discussion ‘illustrates one of the advantages of the — 
+4 Frac 


-shear-area method as compared with the moment-area method, the use 


mathematical beam is not entirely advantageous. In the cconjugate-beam — 


‘method of moment areas, the slope and deflection at any "section given 
> equals), the shear and moment, , respectively, 
at the same section of the conjugate | beam, the 


supporting n 
have been properly chosen in accordance with those of the given beam. For 


instance, ‘if beam has a fixed support ‘at a-certain end, at which 


that is, the end must be free. 2 gives proper supporting conditions 


for a ‘conjugate beam corresponding to ) those of the given beam. (The notation 


Continuous : Ne 
a Desir 9 


ions the conjugate beam 
propel in ‘accotdance 2, ‘the shear and bending moment 
: ‘curves of the ‘conjugate ‘beam will be identical with the slope and deflec: 
é tion curves; respectively, of the given beam, not’ only in but in 


sign a proper sign convention ‘has been: ‘adopted. d is 
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ON THE SHEAR 


applicable to b beams with any ‘supporting conditions and 

moment of inertia varying in any manner. No special: ‘devices such 

ES the arbitrary introduction of two concentrated loads for the abrupt Sr ncrlla 
‘arms moment of inertia (Fig. 10) in the shear- -area method are necessary. Lanhtonn 
In the shear-area method, the shear, bending moment, and slope at any 

We ay section of the mathematical beam represent, respectively, the bending moment, , 


, and deflection at the s section ree the Teal beam. As stated by the — 


*, be determined i in accordance with those of the real beam in the same ‘manner 
as in the moment-area method.’ The writer has. made a study of this i ; 
of the problem the results of which are presented i in Table3. bodton 
"TABLE 3. —Supportina ConpiTIons For THE MATHEMATICAL Beam 


MATHEMATICAL 


TEA 


a 
She 

Fixedat 


"Or 
rs is to be noted oted that at the writer has failed to find the proper r supporting 
for. the ma ‘mathematical beam (indicated by interrogation points in 
x Table 3) to correspond with both the fixed and free ends of the real beam, — 
since it seems. impossible to devise an end- supporting condition with any 
physical meaning at w which | both. the bending moment and : slope will be ani 
She zero or not equal to zero ‘at t the same time. Th he authors have used a eS 
end for the mathematical beam to correspond to the fixed end of ‘the wd 
beam, ¢ me vice versa, as shown in Figs 8 and 
ing to 
matical represents the deflection. at the same sec section of the 
_ At-the free end of the mathematical beam the slope is not equal to zero 
5 a therefore, at the ‘fixed end of the real beam, the deflection likwise must 1 not 
eae equal to zero, which is just opposite to the actual condition of a fixed end. 


Similar inconsistencies may be cited against the the. fixe 4 
beam to correspond. toe 
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4 supported end i in 


beam must be supported br two rollers i in a ‘a vertical. plane, a as shown in n Table 3 3, 
ai nd 
3 80 that the ‘corresponding values are V = = 0, M 0 0, 


ail 


ingless the various types of | supports for the mathematical 


‘ 


a and the real beam, but will also cause si serious confusion in the application of | 


‘The conjugate- beam method | of moment areas: i is based thes 


w= 


if w 


we 


, then V =% and M = = y, the loading « - the « conjugate beam 


finding the slope and d “deflection. the 


matical beam | method of shear areas i is based upon the “sin — the 


following three sets of well-known equations: 
an nd, v= dM 


the ding’ of, the: sina for ‘finding the be moment 


and deflection is the V-diagram only, and that for finding the slope is the 


hus the same. In this connection, it may be also 


tion (2) is not well founded, and that, if the V- -diagram only i is used as load- 


ing, the shear and ‘slope at any “section of the mathematical beam » will not 
miy “tepresent”, but will also” be numerically equal, respectively, to the 

bending moment and ¢ the deflection at the same section of the real beam 

Thus, despite. the slight advantage in that the shear diagram is 
somewhat simpler figure than the > moment diagram for the same loading, 


the shear-area method has disadvantages | as compared with the 


q 3 1 beam. When the real beam has ply 
— 
arbitrarily. to the shear moment and 
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‘Discussions 
itor,” M. Am. Soc: ©. E. + theif attempt 


the shear-area method of analyzing beams, ‘the authors have not 


‘convinding for simplicity. Although: it. vis true that 
shear diagrams ‘are more easily drawn than m 
follow that “the: former afford any. material advaitages over the latter i in 
solving structural problems. Slopes and deflections are more directly. derivable 


moments than from ‘Shears, for which reason the shear-area method has: 


not received much consideration. 69 fi sed odd ba: 
In the stress analysis of simple bi ‘beams us OF frames involving ‘redundancy, 
evaluated. from the moments at, the critical sections to 
st direct method | of approac his 
_ The derivation of shears from , 


known moments is relatively ¢ easy, ‘whereas the reverse. operation is attended 


by the ‘method area” moments, without. resorting to shear 
areas, by remembering that, the slope at any point of a moment curve is = 


by the moment derivative for that That is expressed in 


ols to wath. sot odgag ¥ = 


= tan 
in ‘which Mi is ithe! at any point, m over a small increment of 
’ 
it eee ren By area moments, the deflection, ym, at the point, m, is ‘aindt to the i 


ae of the elastic weights, Mod dz, about the point, » m, divided by. El. Therefore, 


# the shear of the elastic weights on one ‘side of the point, m, divided by EI, 4 
- must equal the tangent of the slope angle to 1 the elastic curve at the point, m. 


should be noted that the elastic weights for negative m moment areas 


} ae the same reasoning, the tangent of the slope angle of the | elastic curve 


at any, end. support, . A, must equal the end shear af the moment ar area, or the 
reaction of . the elastic _ weights divided by. El. 


beam, and 
» the end reaction of; the elastic weights at the support, A, ‘gue tangent of 


thie 


‘the ‘slope angle, bm, of clastic curve at the point, m; becomes: 


the end slope at the support, A; ales 


of, 


oo ® $tructural Engr.,; Procurement Div., Public Works Branch, im S. Treasury, Dept., 
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Equations (191). and (192) are either the or the 


the elastic weights should] be ‘ichdsen “as. 

troduced the term “mathematical beam” 


is re agrettable that ‘the authors in 
without giving a precise definition, _and also that they referred to what they 
term the! ‘Gonjugate beam’ method instead’ of simply the method of elastic 
weights. it seems inconsistent to attach qualifying terms: to the beam itself, 

“merely because it may be loaded either with actual loads, with moment areas, 
or with ‘shear areas treated as elastic weights. properly, the distinction 

should relate to the method of loading and not to the nature of ‘the beams, ein 

The authors have wisely, limited their application of the: shear- “area method 
xethod could scare ely find favor 


to beams. In de aling with ‘rigid frames, the m 
with and elegant solution afforded by, use 


ide 


Mohr’s work. equation. 


n BRAY: = x9 


wally’ 


| 
, 
— 
| 
| 
— 
— 
— 
ii 
— 
— 
5 
» Be — 
— 
— 
x 
— 
e 4 — 
| 
— 
1 — 
= — 
— 
— 
| 


ottealy 


SOME LOW- TEMPERATURE CHARACTERISTICS 


OF BITUMINOUS PAVING COMPOSITIONS 


rt dotdy 
. W. W. CROSBY, JOSEPH ZAPATA 


W. Crossy,” M. Am - Soc. E. (by y letter) the years since e the 
mee writer first proposed a ‘scientific research in the field of bituminous’ paving 
compositions™, these analyses have been greatly developed and improved in 

many respects. Mr. Skidmore i is to be complimented on having pursued a 
of great importance, that has been too much in the 


or cracking effects. jermo: 
seemed to render a of inert material desirable in order 


a oil” 


Now that the of the ‘colder are being ‘regularly cleared of 

and their surfaces exposed to traffic, the importance of 

lines. suggested by Mr. Skidmore should be appreciated. Fert 


ay 


; _ The writer has previously expressed* his opinion on the value of ductility. 
t 77° F. He agrees in the main with the summary of this paper, although * 


that some the “facts” stated therein m: may be expressed | ‘somewhat 
nterpretations ; for 


‘be used that, from its 


raffic, i in the hot suns of many localities. E> 


__ Norg.—The paper by Hugh W. Skidmore, Assoc. M. Am. Soc. C, E., was published in 
oe August, 1935, Proceedings. Jiscussion on this paper has appeared in Proceedings, as _ 
_— follows: November, 1935, by Messrs. Philip W. Henry, J. T. L. M New, and Roy M. Green. i. 
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Esq, author states that although the 


ok 


dats ‘teported in paper “pertain to sheet asphalt mixtures of the hot-m 


-mi x 


that typical haracteristis by his studies are. common to 


tics pot! the -(sand- filler Doubtless, this is due 


to the t type 0 of test that was used - to evaluate the mixes discussed. — During the 
: last few years the writer has been working on the development of a stability — 
test of wider range of application than either of the tests mentioned by Mr. 

Skidmore.” Under the governing the test it was found that the 


One of the Skidmore | ‘that the: 
characteristics and quantity of bitumen are much more ‘important at low _ 
emperatures than at normal and higher temperatures. in the pavement. The 


only characteristics for the bitumens are penetration, ductility cemen- 


|The penetration has been limited to a range > of 50 to 
are not sufficient, to provide a clear understanding of the meaning of . cemen- 


tation value, specile gravity, and the percentage soluble i in carbon disulphide. 
the specific g gravity and solubility values are not sufficient in | themselves to 


establish inherent characteristics; therefore, the only characteristic ‘available 
* 


3 for making ‘comparisons is the ‘ductilit ity. On the basis of the data shown in 
‘ Table 1 the ductility seems to depend upon the | origin | of the petroleum. In 


view of the shear strengths shown on Fig. 2 is it possible, 

that the , choice of asphalts should be made on the basis of source? repeat iene 
2 Furthermore, ‘Mr. Skidmore states that the ductility of the binders at th 
lower temperatures appears to. be an. important. t characteristic. His data 
not confirm his statement inasmuch as the binder giving the highest shear e 


strength is is one that has no ) ductility at 4 at 41° -F, 5 cm, 60 sec; sin, ie comparin 
the various binders it is noted that some ne show a a difference of about 61% in 
ility (41° F, 5 em, 60 sec), with difference of only 16% in shear 
strength. a In making these comparisons, only data for temperatures of 41° F,. ee 
— 5 em, 60 se sec were considered for the following reasons: (1) A temperature of 
= 41° F is ‘practically that of the mean annual temperature for Wisconsin; 
(2) other ductility data available to the writer were obtained at a temperature _ 
of 3 39.2° F, 5 em, 60 sec; (3) no data are ‘given | for ductilities at temperatures pa 


wer than 41° Fy , with a speed ry 5 cm per min | (although ductilities at, 32° 


given, the ‘conditions of test, were and thus an new 


Received by the Secretary November 11, 1985. trays 
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method of test, when the temperature drops below 32° and (4) in, con- 
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on. ‘BITUMINOUS PAVING COMPOSITIONS Discussions 


low temperatures, weather records were kept i in “mind; for, example, 


in Wisconsin one finds the following temperature conditions: During approxi 
Be fa mately 5.5% of the year the temperature is 0° F, or below; for about 89% of ' 


Be oe. the year it is 82 AB ‘or below; and during the remainder of the year it is 


No proof ‘has been furnished that ‘the: most destructive changes in pave 


me the material during periods of alternate freezing and, thawing than during 


| 


Mr. Skidmore concludes, that, the ductility ‘of the binder at the 


temperatures appears to, be an important. characteristic, and he recommends 
Bay! ae that the test for ductility be made at a standard rate of 5 cm per min and at 


a temperature of 4° or, 5° OC. Making the safe that by binder 


his especially if if e are’ to be made. at, or 5° 


three binders showing high. strengths at CO or r 5° have no ductility, 4 


design of the mixes was made on the basis of voids. theory ; Mr. 


ae Skidmore does not indicate clearly, however, 7 what steps. were taken to balance " 


"TABLE. 4. oF. ‘THE PERCENTAGE | OF BrruMEN 


Rational Rational | g 
proportion Percentage — 


Percentage | Specific 


2.662 | 33.80 |. 77.25 


42.78 


__* Computed from the specific gravity of the sand and the specific gravity of the mineral filler. re io Miz Aya 


The question is raised in view of’ the statement that the’ corimon 

mixture was. composed approximately Of? 10% bitumen, 18% ifiller, and 2% 


a Mr. Skidmore fate! to give data on the most important factor that should oe 


considered in ‘designing’ bituminous mixes, nariely, ‘the’ durability of 


halt cements. Without: these data it is not possible. to, arrive at a com- 


we 


behavior of mixes ‘containing asphalts of various 
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THEOR! RIALS SUB JECTED 


correct theory of re is probably combination of a 


number of these. theories, depending upon the ratio, 


Each theory with its basic assumptions aiid limitations has its individual 
historical and practical value. The theory of the strength of materials has 


always been a favorite subject of scientific research | among mathematician 


In the rt of the » Seventeenth Cuntury | the theories of elasticity were 
based on en 
Discussion of s some of these theories continues to ‘the present.’ 2 Theorists and 


‘mathematicians have contributed : numerous equations for computing ultimate 
orces sustained | by various elastic members. It i is an imposing task to apply 
me of these ¢ equations ‘and theories in practice. ‘The Euler formula for a 

_ column ‘sustaining direct force was considered erroneous for a number of 


i“ “Only ‘recently have the practical limitations of Euler’ s equations been 


understood. His equations have found wide application i in the theory of th 


5 “strength of materials 


interesting practical of ‘the theory, of maximum shear ‘stress 


failure ha has been made by Professor J. Fritsche.” He has developed the equa- 


tions for computing ‘the relation betwee direct’ stresses in a concrete test 
‘prism and ultimate in concrete ‘combined stresses. 


Notrr.—The paper by Joseph Marin, Jun. Am. Soc. C. B., was published in August, 
1985, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 


October, 1935. by Messrs. J. J. Slade, Jr., T. McLean Jasper, and I. K. + eae 4 and ‘ 


November, 1935, by Messrs. W. P. Roop, and H. F. Moore. 
Assoc. Bridge Designing Hngr., California Highway Div., “Sacramento, Calif. 
Received by the Secretary October 29,1935. 
; ““A Treatise on the Mathematical Theory of Elasticity” 
* “Strength of Materials”, by S. Timoshenko, , 1916. 
™ Beton und Bisen, April 5, 1985. a Men 
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A. A. Eremin,” Assoc. M. Am. Soo. C. E. (by letter)**—Tests of 
$3 ns are not sufficient on which to base conclusions as to the validity of the theories a 
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e in the | “for computing the limiting stresses in “concrete, 
Professor Fritsche introduced an exponential expression for variation of 
strain and stresses in concrete. However, as stated” correctly by the late 


George F. Swain, Past- -President and Hon. M. Am. Soe, C. no one has» 


yet. proposed reliable instrument. measuring the variation ‘in stresses 
1a manner as to verify 


Esq. (by letter). ~_The examination of the existing 


theories of advanced by ‘various investigators, and their correlation 
byn means of a common set of co- -ordinate axes, is the subject of this interesting 


ay paper. es To the theories of failure treated, ‘the writer wishes to add one more, 


Se en The change in shape of a body under the influence of external forces, 
caused by the change in position of its particles ‘relative ‘to. each” other, can 

‘considered as the measure of ultimate strength of ‘the material. Conse 

es quently, the deformation of a body is determined by the | slip of its particles 


along principal shearing planes and also by its volume change. The theory 


proposed by Sandel is based upon reasoning. It is identical with the 

a shear theory ‘influence the inter mediate principal | 

normal stress is equal to zero. In general, however, this influence can be 
explaine ned only it is assumed that the volume change contributes a Iso. to 


the rupture of the material. At the limiting ‘state ‘of stréss, therefore, ‘the 


aiding, reaches a limiting. value which ‘afterward 


the positive change (increase) of the body. 


it Ss ng stress at failure; and 


cast i iron, 0. 60; and for. concrete, n= 0. 88. 


n = (57) expresses the ‘maximum shear theory and for 


at of tri- by 


Eauation (81), 


The author is to ‘be for this to the 
attention - ‘engineers who, in ‘practice, are accustomed to deal with allowable £ 
Dipl.-Ing., Los Angles, Calif. 
: r 18, 1935, 
“Deber die Festigkeitsbedingungen : Beitrag zur Frage 
igen Anstrengung der Konstruktions- -materialien”, von G. D. Sandel, 
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HE STRESS FUNCT ION AND ) PHOTO. 


. Soc. E. 


{MER,” Assoc. M. Am. Soc. C. (by letter). 
= tunate that so few practicing engineers are able to make use of many of the 


_ more fundamental and more generalized stress functions. — In \ illustrating so 


effectively, one application of the Airy stress function the author has performed 


a difficult but exceptionally | valuable service to the profession. writer 


a wishes to discuss Part IT of the paper which describes the use of photo- -elastic 


studies in determining the distribution of prineipal. shearing 


in dams. This method of analysis has many pro proper applications in the field 
ne of structural engineering and should be more generally understood and used — 


by designing engineers. In many cases crude apparatus will: give 


author calls attention to the dificulties encountered ‘in attemptin 


simulate body forces (due 1 to ) weight and imertia) in the ‘model. The writer 
has met this problem in two ways. In one > study a model was rotated together 
with a slotted wheel giving a stroboscopic effect. This method is similar to 


hat suggested in the paper and gave ‘satisfactory results. The a apparatus i aoe 
what elaborate, however, requires careful “adjustment, 


_ A much more direct solution may be effected by the use of models made ma 


tit This material may be secured in either “ground” or “sheet” for rm, 
t little cost. It should be ‘soaked in cold water ‘for at least 1 hr and then < 


uf 

heated to a temperature of et not more than 150° F. The concentration of the 

solution can be varied from 2% or 3% to about 50% (by weight), giving a 
wide range to ‘the strength and stiffness: of the mass which solidifies upon 


‘cooling. — The stress- strain- optical properties are such | as to ‘make > the material 
cf 


quite suitable for photo: ‘elastic studies when body forces are of importance. 


_  Notrg.—The paper by John H. A. Brahtz, Esq., _ was published in September, 1935, _ 
-roceedings. Discussion on this paper has appeared edings, as follows: Novemb 
1935, by I. K. Silverman, Jun. Am. Soe. C. 
Assoc. Eng., School of “Cleveland, Ohio. 
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erties v ages, “end it is necessary, 


Gaddis to make calibration tests at the time of the model tests, . The writer a 
has found concentrations of from 1 10. ) to, 20%, most. suitable for of 
gravity dams. ~ Such models may have’ thicknesses as great as 6 in., as com- 


se pared ‘with a fraction of an inch which is common for models made of bake- ‘ 
Tite. This fact, together with the greater stress- of the 


“material, m makes easy the determination of the stresses caused by the weight 
of the material itself. The u ‘use of much larger models is also made practical. 5 
The writer has made several, ‘studies, using tl this type of model. _A brief 


- description of one 6 such ‘study conducted in co- operation with t e Zanesville, 
io, Office of the U. 8. Corps of Engineers may be of ‘general ‘interest. 
-Kappen, Assoc. M. Soc. OE, of the Engineering Division, 
n, M. Am. 1. Soe. O. ‘Chief. of the Dams" and Reservoirs Divi- 


A tapical cross -section the spillway section ie shown: in Fig. 14, 


the first series, the procedure being. 


except that vertical. loads ‘were applied 
bia so as 8 to simulate, successively, the ‘ptoper 


for the remaining studies. "The weight 


“rately, by the weight of the model while 


bork: the forces due to water pressure were re- 


+ 


EI 830.0 by the use of a liquid having a 


aribe weight, in pounds: per cubic foot, bearing 
Fig. 14. 
it vid 9», the same relation to 62.4 as that of the 
3 unit weight of the gelatin as tested had to the assumed unit 1 weight of the ¢ con- 


crete. Liquid pressures were applied directly to the model . through a thin 


rubber diaphragm. It is believed that the ‘external forces as ‘the body 


forces were thus represented accurately. It possible to to study the changes 
in the combined stresses as the water level ‘might rise in ‘the ] prototype ro) 


empty reservoir to maximum flood ‘leve estimated in this case as. Elevation 


which corresponds to 15 ‘ft of water | over. top of the spillway. By q 


‘Varying the relative strength and stifiness of the mass gelatin represen ing 


AS 
varying strength characteristics upén néar ‘the base 
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SUIOUA ILVID AO AADLAIM 
‘this case it was ‘especially desired to determine the stresses in ‘the 
material around the openings for ‘the air duet ‘and. inspection gallery, ,, and 


in the cut-off anchor wall which was provided because of horizontal layers 
of soapstone that occurred in the foundation material. The results of the 

tests were highly satisfactory, the _of steel reinforcement at these 
points being based on the test results. sities 9 
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THEIR SOLUTION 


‘Diccussion 
: 


S. JARVIS, M. Am. Soc. Cc. 


Os. M. Soc. ©.E. (by letter 


psig of average or oF usual flood. | and erosion to be encountered 


n the United States, it follows that an adequate solution for the more  difi- 


e observed expected rates of, precipitation for “the 
region around Calif., are far from the maxima observed 
st. Likewise, the rates of run- -off p per aunnes mile of drainage ‘area thus for 
“ obs ved in that foot-hill region are considerably less than have been recorded | 
numerous small streams. _ The outstanding unique features of the 
situation described by the author comprise the following: (1) Steep “slopes 
on the windward s side of ‘relatively high ranges, and near the coast; 
(2) ‘warm or moderate all-year temperatures except | on the higher eleva 
(3) seasonal precipitation -_oceurring mainly during 1 the winter; 


(4) droughts occurring every summer, thus limiting the types surviving 


vegetation and ‘resulting in recurrent fire hazards; (5) unconsolidatec d débris 
and soil materials for their stability, on the steeper slopes, 


water 1 resources s deficient, especially the a seasons of maximum 
(9) justification for s storage all the nornial run- -off 


‘thence to ‘facilitate recovery and repeated use; (10) ground- water "supplies 
heavily overdrawn, with: consequent intrusion of | salt water to menace and 
; further deplete the remaining ground-water reserves; (11) unusual opportuni , 


MES Notr.—The_ "paper by E. Courtland Eaton, M. Am. Soc. C. E., was published in 
September, 1935, Proceedings. Discussion on this paper has appeared in ce 6 as 
follows: November, 1935, by Messrs Arthur G. Pickett, and R. W. 


Hydr. , Soil Conservation D. Cc. 
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ember, 1935 JARVIS ON FLOOD AND EROSION 


es fo r flood regulation spreading, and by storage in partly bounded 
: e, permeable strata, for the double purpose of local protection of lives 


pr and prompt replenishment of underground. storage ; (12) 


erty values capable of supporting ; a comprehensive program for flood 
regulation and protection, water conservation » and ‘its maximum utilization. 


ied is readily granted that other localities n may be characterized by one or ei 
more of the aforementioned features which occur in combination ‘the 
Los Angeles” District ; but ‘nowhere else in this country are all the factors 
represented to such a degree. herefore, the measures economically justified 
the Los Angeles situation “may be applicable ‘only in part elsewhere. 
It has been’ ‘widely observed among the head-waters of streams in both oe Bs 
’ pute hill and mountainous regions that minor landslides are going on pro- sel 3 
gressively: during any normally wet season, and occasionally during 
Sw: of deficient rainfall. The planes of contact between ledge rock and products of = by 


weathering are usually planes of weakness and instability ; this i is also - true ane 
oe rock débris on inclined beds of clay « or other relatively i impervious" material. Hin 


_ Water trickling along such planes © naturally acts as a lubricant, inducing a 


notion, cleavage, subsidence, and occasionally landslides. ys a 


Such surface disturbances among head- ‘waters are common and 80 unim- 
portant : as to escape prominence. The remoteness from the main channel of 


e the stream, the 1 relatively small volumes of water yielded from the disturbec ee 


areas, and the correspondingly small amount of érosion resulting therefrom, — 
combine to keep such phenomena in the background. However, when they 


occur. along lower courses of streams, where lives are endangered and 
‘property threatened, they” assume considerable prominence. It appears that waa 
some of the unstable ‘masses on such slopes are susceptible of treatment 

insure their permanency in present positions; or, occasionally, to 


"their stabilization by inducing movement to flatten the slope to a natural 
to most severe conditions expected to be 


A parallel is s afforded in ‘the treatment of sites for flumes, pipe ea Ps 
other structures near the foot of a slope. Tt is is a advisable and customary to 


clear the upper slopes of boulders or other rock masses that might be loosened 
or detached by weathering processes ; or, occasionally, it is deemed expedient 


Recent practice in the construction a of trails and access roads among 


es. scenic mountain areas deserves more than passing notice. To prevent accumu- 


A lations of water on the trails or roadways, diverting ‘channels have been con- 


Wey 
structed to discharge into basin- like depressions, such as the borrow-pits from 
which surfacing material has been obtained. In ‘such ca ases, where several 


- feet of depth and potential hydrostatic pressure are provided, and where coarse - 
. materials, such as gravel or rock waste and other loose ‘materials are exposed, 


rapid percolation and the storage ‘combine to dispose of surface run 


off. The ease with which a large: number of such percolation and 
seems tom ake up for, their restricted capacity, 
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"JARVIS ON FLOOD AND EROSION CONTROL Piero 


‘municipal water supply iors projects, as well 


el electric power projects, have proved failures due largely to leakage from the ‘a 
reservoirs. Where comprehensive ‘developments a are undertaken for the benefit 


ee of all legitimate interests: on a river system, it “may well prove to be a profit-— 


Bn able venture to seek reservoir sites that will feed underground storage by 
leakage or percolation. Where test borings disclose coarse, pervious’ materials 
——. reasonable depths below the valley floor, it may be advisable to trench or 
cut through the more nearly impervious material to induce 
ipa Modifications or adaptations of the foregoing methods may well be adopted — = 
in connection with flood and erosion: control problems. Particularly, the 
provision for many avenues ‘of | access to strata of coarse, open texture, and 
‘multiple small storage basins for both water and débris 
relieve the burden to be sustained by ‘the: larger’ reservoirs down stream, 
helping maintain their original capacity thus adding to 
Doubtless, general recognition of existing facts would: prove that 
every locality ‘is confronted with: “flood and erosion control problems, each 
_meriting individual treatment and capable of a best solution ; oF, where 
a ui guided by inexperienced or over-confident advisers, a ‘community n may appro- - 
priate and spend generously without measurable progress toward a satisfac- 
bs tory solution. The author has done much to clarify the view as to potential | 


are _ dangers from those natural phenomena, and as to remedial steps which have ee: 


ed effective. in the Los Angeles District. Mr. Eaton has rendered 


prov 
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_ HYDRAULIC LABORATORY RESULTS AND 


ta 


Messrs, SAMUEL SHULITS, AND HERBERT D. “VocEL 


| ong laboratories everywhere to- -day on 
vis necessary ‘to this of -model 


the! of ‘properly: planned experiments “with movable-bed 


promises the efficacy in the direction. ‘assonding to. Koatner} 


it is still ‘mecessary, however, to exercise great in applying quantitative 


conclusions derived from river-model studies to predict of 


Although the path may difficult, there 


movable- bed models can yield quantitative results, Por 
bed- load formula” was developed rationally, its constants ‘were ‘deter 


“mined in a laboratory flume, and ‘the results ‘have been found to hold fo 


several European rivers. ers. It correlates bed load, size of material moved, energy 


_ Furthermore, it has actually n possible to find an accurate qu quantitative 
oe, relation ‘between the discharge, the head, the size e of the bed ‘material, and 


__.. Norp.—The paper by Herbert D. Vogel, Assoc, M. Am, Soc. C. B., was published in 
January, 1935, Proceedings. Discussion on this paper has appeared in Proceedings, as 
follows: May. 1985, by Messrs. W. F. Heavey, Chilton feat 8. 
Morrough P. O’Brien, and John A. Jameson, SJr.; 


No. 4, 1934,' p. 37: also “The Schoklitsch Bed- Load | Formula” by 
its, June 21 and PP. 644 and 687: 
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0 ON or HYDRAULIC LABORATORY RESULTS 
ci pool depth below | a jet falling freely over a sharp- -crested weir™ in a ema 
model. In this case, eight different sands of non-uniform composition were 
used. To be ‘sure, some may say that the relation thus obtained is valid 


only for the small model, but ‘it must be realized the: search for “even 


Lack agreement between siphons and their has been ‘reported 


41 


4 


wall 
= Ae) CAMUZzZONI oul (6) GARRON S. CATERINA 


ley 


GY INVESTIGATED BY ALESSANDRO VERONESE. evi 


: Gig. 19) in n Italy; ‘the purpose of the tests was to determine t the seleibesiie 
ee between the : minimum head (h, in 19), and the e corresponding time, T, 4 oe 
required to prime, in both model If the subscripts, m and n, 
denote, respectively, model and prototype, and if the scale ratio is expressed eco 
as 1:a, then, with Froude’s law as” a basis, the relations between ‘priming: 
‘head and priming time should be: ont att 
Veronese’s experiments led him to conclude that Equations (4) ad fom 
are he he derived the. following from th the data: 


and, fe od edt Yo: ante baad (931 eft gottelst 


|The. agre eement (which « can be sufficient, per 


“Ricerche sulla relazione che intercede tra _l’altezza di adescamento dei sifoni auto- | 
sperimentati in_ modello e Sa Alessandro ‘Veronese, 
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hon | acale, Prototype Computations 


4 aldaton nok. 8 Froude’s | Equation 

90.1 4.2.06: 0. 6.97 

Carron (Fig. 190)... | 2-88 84.55 | 03 

2.93 23.42, 6.73. | 

19(¢)) 2-95 | 29.28 | 15.70] 
hapa although not close) between the observations and» values computed with | 

Veronese’s equations | is shown in Table The usual equations based 
chee Froude’s > law do not ‘give as close an agreement. The prototype priming time 


HERBERT Voce,” Assoc. M. shite Soo. E. (by: letter) -In 
there was ‘not a single hydraulic structures laboratory, in the United States, 


a strict sense, although plans were being eight to be 


reid. gi tstal adi 
Bulletin™ of ‘the National Bureau of Standards contains descrip- 


ions of fifty-three laboratories, twenty- -two of which are shown to 


operated largely for the solution of open- -channel problems. “This phenom- 
‘enal development may be due partly to the great increase ‘public. work 
ctivities during: the “past few years, ‘but inference i is strong that some cre- 
dence shou uld be given the explanation. that ‘model studies return ample divi 
dends. It should follow as a corollary, ‘then, that small scale models may be : 
depended upon ‘the procurement t of trustworthy information. 


Th an effort to ‘find proof—or ‘disproof— o of the reliability of open- -chan nel 


4 


‘experimentation, this ‘paper was tossed out as a challenge. ‘The results, while 
disappointing, were nevertheless” illuminating i in their paucity, and the 
could now be asked, “Are current studies being undertaken : (1) 
of the proved validity of the method; (2) because models are a cheap means of. 
approximation ; or (3) simply because it is fashionable to carry on ‘scientific’ 
research To: run down the answer to this query circular letters were i 
from the” con Waterways Experiment Station 1934, to 


Captain, — of Engrs., UL “Command and” General Staff School, 
Received; by the Secretary ‘November 13, 1935. si ad Abaftix 

ydraulic Melted by the Jobe . Freeman, Past-Presi- _ 
ident and Hon. M. Am. ‘Soe. Y., 1929 
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It wa the 
performance of any model the: results of’ which had been substantiated 


subsequently results obtained in the field. Twenty of these. letters were 


directed to addresses within the United States and the remainder ‘were sent 


Taha A = 


from of ‘those “addressed, “twelve 


exceptions, the replies contributed ‘seareely an any information directly | pertinent * 
‘the. subject.’ From Germany came the citation of one! instance | of a model 


= 


as 1: 45) of a dam that had | produced results which, when ‘compared with © 


10 per cent. One correspondent in Italy: reported that t tests on. siphons had 
; failed to confirm the laws of similitude, whereas another stated that ‘models: 

as of. siphon spillways had been tested and found to reveal true information as 
to. what could be expected in ‘Nature. wee | 
comparative. wealth pad “received from Bahia’, 


: 

(a) Model to the efficiencies of two centrifugal ‘pumps 


gave values varying from. 0. 75 to 0. 87. In ‘the prototype ‘the efficiencies were 


to be 0.80 in each cas ttedgie nora) aij ao, 


(b) ‘After i improving the Harbor of the intensity ‘of wave action 


reduced somewhat, as had been indicated by @ model study. 
i 


The’ results of ‘six experiments with models 1: 20) to deter- 
ae ‘mine the movement of stone on fascine mattresses were ‘found to be in ‘elése 
agreement with the results obtained later i in the Maas River. ¥, 38. 


| 


Al: 50 ‘model of ¢ a sluice gave depths ‘of that w were 


“almost exactly verified i in the 
9 


(e ) model (scale, a: 25). was operated to the discharge capacit ty 


4 
of a sluice. Exact comparison with, the data derived from full- scale perform m- 


Gt 


Be ance as not been possible, but there appears to be a close agreement. ‘etal 


lig Ail 5 _ Seale model was built to. study the flow. of viscous fluids i 

— pipes. Pro ototype and model flows were found to, be exactly similar. 
Sixt models of navigation. locks experimented with in an 
“When these locks had been built to full-scale it was found.that for two of 
ied them the times of filling were within 10% of. those figures indicated by the 
See model . tests. de Exact comparisons were not possible. in the other cases, but it a ink 
“appeared that. the. general results were as had been predicted. Some indica- 4 
tions of the produced forces, were obtained from the full-scale ‘structures, | 4 
from which it that differences of 15 to 25% :were about the least that 


‘Sweden information of two model tests ‘which ‘Were, subsequently 
verified by performances in full ‘scale. One» of these was to’ determine ‘the 
ag 
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erification was received from on the performance of tidal 


models; and data of surge tank experiments were also_ presented, together 
those ‘obtained: later in the field. ‘The results indicated an almost exact 


agreement between surge heights in model ‘Nature, and. "revealed 


wie 


hree of the twelve American laboratories that replied gave verifications 
Sf of data obtained from model spillways, locks, and dams. I Little or no infor- . 


mation was s received in | justification of movable- bed models. i 
i 


There can no doubt that field verifications of small- seale experiments 


We. 


are difficult obtain, but models. are to continue in ‘their present high 
place: as auxiliary aids for the hydraulic engineer, it will be _necess essar y for 


their ‘Sponsors to procure positive proof of their reliability. Further 


is just as important that the failures be revealed and seconded 


unless this is done, undue reliance may be placed on the results of certain 
studies from. time to time. ‘The scientist and the engineer must face facts 
as they are, prepared to modify their convictions as the need for so doing 
evidenced. The several discussions of the paper carry thought as 4 
_ consideration. The time for proselyting is past; careful scrutiny 
: and study are now in order as means of determining what types of models ‘a 
can 


be relied on quantitative data; what kinds” will give re 
qualitative effects; and which are capable of nothing but deceit. 
_extremely common sense viewpoint of the entire question has been 
presented” editorially. One paragraph appearing “particularly worthy 
_ “The publication of results, with particular reference to any new form i Pe. 


technique evolved, is. greatly be “encouraged, in all hydraulic model 
work, no less, of course, than in any other branch of applied mechanics; for — tie, 


<< jibe sikdenes so provided may serve not only to help others to avoid the many — 
ae. but may effectively reduce the cost and labour involved. Certainly | ra Rages 
cost of such cannot be lightly undertaken, the labour 


investigations: is felt, the cost, will be ‘mall 3 in ‘comparison \ the scheme in 


comment was written with the writer's paper inmind 
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DISCUSSIONS | 
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ADJUSTMENT OF ‘LEVEL NET. 


(ix O 
GEORGE DELL Assoc. M. Am. Soc 


H. Det,’ Assoc. M. Am. Soc. C. E. (by let **—The discussions 


submitted on this. subject _ by Professors Church and ssid contain interest- 


7 


4 


ing and helpful comments. Both writers find the distribution method superior 
from the standpoints of simplicity and applicability, 
‘The « example analyzed by Professor Rayner is a typical indication of the . 


errors inherent in “compromise” methods of adjustment, Professor Church 


clarified an important item in pointing ‘out 


Tite 


that the corrections are ‘substantially independent 


‘ 


the order of adjusting the separate 


has also. made “noteworthy observations i 
“regard to the elimination of undue ‘refinements 
n§ 


ie oe original solutions were prepared with a 4 
wi ak 


view to presenting methods capable of yielding 


an results correct to approximately 0.001 ft, and 

therefore, applicable to precise surveys. For ordi- 

nary level nets, in which an inaccuracy of 0.01 ft 

Fic. Apsusr- in any section is permissible, two cycles: will gen- 
MENT OF LeveL Net, erally be sufficient if “supplemented by occasional 

trates tl the solution of Example No. 1 under such conditions. Tt will be; noted 


that at the end of the second ‘eycle the only remaining error was in Circuit. a 


Norr. —The paper Dell, Assoc. M. Am. Soc. C. B., in 
April, 1935, Proceedings. Discussion on this paper has appeared in Pressesings, as follows: — 
August, 1935, by Messrs. Earl F. Church, and W. H. Rayner. 


® Associate in Civ. Eng., ‘Univ. of Illinois, Urbana, Ill Berit: : 
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AMERICAN SOCIETY OF (CIVIL EI 


Founded ed November 5, 185: 2 ds 


son ay: anit ays Jegel Fa yoo ininf vette 


— 


W. Davenport,” M. Am. Soc. E. (by letter)."*—The occurrence of 
aes is s determined by the 1e conjunctive operation of a variety of meteorologic, 
hydrologic, topographic, and other factors and conditions in a manner favor-_ 
to the production of abnormally excessive | flows. 
fundamental factors and conditions has become more e plentiful through the 
e lection « f records at rainfall and river measurement stations, topographic 
it has been possible to introduce 1 more science into the analysis $5 
of flood and thereby to advance somewhat in relating floods" 
their constituent elements. Notable advances of this kind have been made 
in recent years by different individuals and organizations along more or less 
closely related lines, with resulting i improvement the technique of flood 


tudy and the Promise of further improvement as the supply of essential base 
* ‘The flood record of the we River, as presented i in the paper by Mr. Jarvis Bio 
conflicting 
= ence of Nile flood renting as derived from various sources and to con- 
: vert, the information into a form that can be readily understood and discussed. 
Future students of. the long Nile record | may have the advantage of starting 
from the advance | point to which Mr. Jarvis has progressed in his researches. _ 
Although numerous uncertainties and difficulties tend to place the record 
somewhat in a cloud of doubt as regards its reliability of detail, full knowl- ae 
: edge of the facts developed will be of great value to future investigators, 
The writer believes with Mr. J arvis that despite these unfortunate defects 
the record the Engineering ‘Profession be able to derive from it 
valuable knowledge in regard to long- time characteristics of river behavior, ; 
and particularly in regard to the changes in pte: mina: to floods 


within the centuries covered by the record. 


-_ Norg.—The paper by C. . §. Jarvis, M. Am. Soc. C. E., was published in August, 1935, | 
Proceedings, Discussion on this paper has Proceedings, as 
ber, 1935, by Halbert P. Gillette, M. Am. Soc. C. 


Engr. in ‘Div. of Water Utilizati n, U. Geologien al 


™e Received by the Secretary November 
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- fundamental constituent: elements ‘has s the direct corollary that such an analysis 


ab of these characteristics for a certain stream 1 may ‘also best contribute to nowl- 
edge « of corresponding characteristics for other st streams, neighboring or or distant. 

"Obviously, therefore, flood characteristics of ‘the Nile and other. foreign 
-‘Tivers, as as displayed by long records, a: are re to be n made ‘rationally applicable to 
streams elsewhere in the world ‘they ‘require to be analyzed and translated, 

80 far as practicable, into common fundamental terms. In undertaking to 


a a superticial way at least, t, something of ‘the significance of the 


4 


et The Nile drainage basin has a an area of 1 119 737 sq miles, and the river 
has a waterway length « f 728 miles.* The corresponding values for the 


-Mississippi- -Missouri System are. 1 240 000 s sq miles and about 4 200° miles. 
The main ‘Nile is formed by the junction | of ne et Nile and the Blue 
at Khartoum, 1913 miles above the mouth. Through this. 1 913- mile 

reach below the junction the river flows through a very arid» ‘country y and 
pore for the River Atbara, which | enters from | the east , 159 0 miles below 


the _junetivn, the tributary area is small ‘and the inflow practically 
j ae egligible. | The flow i is subject to substantial diminution by y evaporation and 
eepage ; moreover, for thousands of years each flood has supplied substantial 
volumes of water, largely from the lower part of this reach, for the irrigation 
of. the fertile Nile V alley. _ The flow of the river is derived from two main 
sources : The lakes an great swamp areas of Central Africa drained 


by the White Nile its tributaries, | a heavy tropical rainfall dis- 


tributed ‘through | ‘the: greater part of | the year; ‘and (2) the highlands of 
Ethiopia, drained by the River Sobat, tributary to the White Nile from ‘the 


East, the Blue Nile, and the River Atbara—a region niarked by an extraor- 
ary concentration rainfall run-off the period from July to 

“Thus “reduced ‘to ‘its simplest expression, the Nile system may 


TABLE 3.—Drarnace Areas or Ernioptan 


River in square miles _| from mouth of the Nile, 


774 tne 


tropics, by. ‘the existence of a vast head reservoir, annually 
flooded by the accession of a bode. of ‘water with which its eastern 


These and other statistical data of the Nile presented herein are obtained 
of the River Nile and Its Basin’. by Capt. H. G. Lyons, Director 
_ Gen. Survey erate Finance Ministry, Egypt, Cairo, National Printing Dept., 1906. 
Bi 14th Edition, Vol. 16, p. 
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tions of. their junctions: with the main river. Blue Nile rises above 


autumn culminating a maximum ‘stage i in Septem 


with but apparently the river continues to be characterized by unusual 


J 
greater domination by, the influences that. create the Nile floods. Below 


ai the sea through the main Nile channel ‘is characterized by a remarkable 


ecember, 19385 DAVENPORT ON FLOOD-ST AGE RECORDS or THE RIVER — 

ay nC Table 3 shows, in down- stream order, the drainage areas of the Ethiopian. 


effluents. that are the | sources of the annual: Nile flood and the relative loca-— 


10 


Lake Tsana, about 2 800 miles from the mouth of the ‘Nile. 
Some understanding of the seasonal distribution of the ‘rainfall that is 


the source of the Nile floods may be obtained from Table 4, , which gives 
- mean monthly rainfall at Addis Ababa for a period of 13 yr and 2 months.” me 


hydrographs of flow at stations in “upper reaches of tribu- | 


 taries® * show a most pronounced flood rise extending from J uly to the late 


TABLE 4.—Mean Monruty 1 RAINFALL av Appt ApaBA, 


Units 


42 | 0.63 | 0.75 | 0.12) 47.19 


++] 0.59 | 1.54 


(averaging about September The hy drographs- at the “upper : stations 


an irregular saw-tooth line, thus displaying direct sensitiveness to the varia~ 
of rainfall distribution over the upper part of the “drainage | basin. 


‘The fl flow of the White Nile above the n mouth of the Sobat i is ‘extraordinarily 


regular. ng The ‘influx of the Sobat tends to swell’ the flow ‘materially, beginning 


regularity until it “approaches the: mouth | of the Blue Nile, where it shows 


- junction of the ‘Blue | Nile, the flow assumes the definite pattern of the Nil 


ia _ Farther down the main river the hydrographs become continuously | more 


smooth, until. at the Roda gauge, at | Cairo, where the long record has bee 
kept, the incisions in the hydrograph that are. due to. natural causes are 


undoubtedly very small. Moreover, under natural conditions, of 


‘Maximum stage at Cairo is about October Lon the average, or 


later than on the “upper reaches of the tributaries. 


A ab, 
) The rainfall that ‘creates ‘the Nile floods | is » concentrated largely 


(2) The collecting system of the flood \ waters integrates the var 
originating from the heavy rainfall over a wide area in a 


manner 


From the available information it is apparent, that: 


er, so that the flood at the place wi 1ere it enters upon ‘its long course to 


24 


uniformity of pattern from year to year; and, bes, ent 
* “The Rains of the Nile Basin and the Nile Flood of 1912", by J. I. Craig, ae 
Service, Survey Dept., ‘Survey Department ‘Paper 32 inistry Finance, 
— 


e Surve ey Department: Papers” of the Ministry. of Finance, Rey 


— 
y 
ir 
— 
— 
a 
0 
ae 
| 
— 
— 
~ 
q 4 
— 
— 
: — 
: 
— 


HURST FLOOD-STAGE RECORDS OF THE RIV vER NILE oN Discussions 


with! the! regulating influence of a great volume of 
«still further smooths the hydrograph of flow, except as artificial negulation 
Wa and diversion have produced irregularities, usually of minor character, My 


Pa The only drainage basin in the United States that is ‘comparable ; in area a 


and that of the Nile is the Mississippi Basin, its hydrologic 


Me characteristics: are quite dissimilar. The Colorado Basin is similar to the 
Nile Basin in respect to the fact that its flood is peculiarly seasonal in its 
Ro _ occurrence, but it is much smaller and quite unlike the Nile Basin i in v various a 


ways: Tt is. evident, , therefore, that the applies ation of ‘the Nile experi-_ 


In reviewing ‘the of past centuries, t ‘it appears the 


annual maximum stage at ‘the Roda gauge represents the culminating height 

Bo attained by a flood rise of large” volume and unusual regularity of pattern. 
Me Outstanding features of the flood are its regular seasonal recurrence and its 

obscuring of. erratic tendencies, both in distribution of ‘rainfall and in the 


characteristics of drainage baits in shedding flood waters. Any 
a the facts disclosed by ‘the Nile record to streams elsewhere, of course, 


characteristics appropriately into 


E. Horst," Esq. (by letter).°*- —The Roda nilometer situated i in Cairo 


: is said to be the oldest existing Arab monument in Egypt, and consists of a 
well of about 5 m (16. 4 ft) square communicating by tunnels with the ‘fiver 
vertical column at its center on which the scale is cut. 
column i is held at the top by CTOSs- piece of masonry spanning t the well, and» 
Is were read from a staircase that winds around the outer edge. . 
records dating back to A. D. 622, although not complete, form the 
The origin als as far as as known do not exist at ‘present, and the form in 3 
| which the records were kept is also unknown. — Colonel Sir Henry Lyons ames 
came to Egypt in the Nineties was as told that the original records were written 
in Co Coptic and existed in the Ministry of Public Works | in ‘the: time of Aly 


+t Pasha Mobarak, a few years before his arrival in the country, but | he ee 
never able to trace them. The writer has never heard of a record with any 
claims to antiquity, and if any such existed in Egypt, H. Prince 
Toussoun who has collected ‘so. old material about the Nile would 

In assessing the value of many points” 

(some, of whieh will be mentioned subsequently), and investigator must 
himself of the idea that they are Je. in accuracy with 

scientific spirit of recording exactly what is observed, 

“personal Bins and with every effort to eliminate sources. of error, 

= recent growth ‘and is not to be expected i in | records the most complete portion — 

of whichis from 600 to 1400 A.D. ( 
Director- General, Physical of Works, | mares. 
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The Roda repaired on various. occasions recor 


a doubt a: as to whether it not entirely reconstructed, te is little 


the list of ‘Tepairs” is and in no case is any 


to “have ‘occurred in historical times example 
this mentioned in the paper is the varying number and position of channels: 
through the Delta, a and a further ‘statement that the ‘Position of the western 
bank of the riv er near Cairo h has changed Sng nearly 1 km | (0.6 miles) since 
point that may be mentioned i is the the system of 
on the river levels ; at Cairo. In this system, which was the only one | 
in Egypt» until the Nineteenth Century, the country” is divided into 
sections by banks transverse to the course of the river, and the flood waters a 
the Nile are admitted to these sections or basins by n means of short canals. mg 
> After a period of forty days” or more the water is allowed to escape back to 


ri river the basins a are planted with crops. Ini recent times, basin i 


and escapes, water is admitted to and from the basins accord: 


’ ing toa program. — The effect of this is to alter the natural flow of the - river ee a 
at Cairo considerably, lowering the natural peak and the succeeding 


levels to raise e them again when water begins to escape. AF In some cases the = 
‘second peak has been higher than the first one and, in others, it has not been 


noticeable, the 2 actual regime depending largely on nature the flood. 


"Since 1900, the: basin area of ‘Upper Egypt has: been dir 


much more process, as lack ‘communications would | ‘prevent ite 

regulation on an organized plan directed from headquarters. — ir Moreover, there 

would be no masonry ‘regulators ; the only control of entrance to, and escape a 


:* from, basins would ees earthen banks ; and after these were once cut the 


as the river fell, ‘making the p process or less a natural o1 one, which 
a be modified occasionally by the bursting of cross- -banks. In very early times 
the cross-banks probably did not exist, and the annual inundation of Upper — o 


Egypt was a still simpler phenomenon. od 


ne ce Unfortunately, no details of the form of the Roda gauge curve previous to 2 
~ the Nineteenth Century have been handed down, and only readings purporting Cais, 
te to k be the m maximum and minimum, are available. _ ‘The minimum readings 


would be m much more likely to be affected by by changes of topography, ‘such, i 


for example, as the closing of a main channel 1 near Cairo by a silt bar or an ae 
earthen bank (as. must have: or by the gauge itself 


led by 
sonsiaer 
im of an accidental nature one must Cor 
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HURST ON FLOOD-STAGE RECORDS OF THE RIVER Discussions 


The possible ‘exaggeration of low floods for ‘revenue purposes has been 
er, 


_ mentioned it n the paper. r. Another source of error is that the gauge pillar — 


must: ‘always have been difficult to read as the observer cannot approach 


wes Cooks furthermore, the scales became worn and often no doubt were incrusted - 


: mud. - This led to a practice which was followed by some of the | gauge 
“venders of ‘recent times and was referred to by Col. J. Ardagh in 1889," 


he of reading not « on the gauge, but on private marks either on the wall of the 

gauge-well or on a flight of steps outside, leading down to the Nile. 


: Some of the sources of error that affect the records are of an accidental 
* alana and will be largely eliminated | by the number of observations, which | 


4 


is approximately 1100 both of flood d stage and of low stage. ta 
ac _ Systematic changes such as the gradual rise of the river bed ‘ean be elimii- 
a for some purposes by dividing the observations into groups» of, say, 


yr and dealing with the departures from the mean of the This 
procedure helps: also to o eliminate the effects of topographical changes. Delib- 


‘erate exaggeration of low floods cannot. be eliminated, but it is quite likely 4 


it isa practice which | was, used for a time and does not affect all 


the records, and, therefore, its” effect is minimized when the entire mass of iS 


whole, these records represent observations extending « over a very 


long period of the rise and fall of the Nile. . They have not the precision of 


observations, but: are: probably as. reliable as_ many of the statistics 


which these records have been put in recent _times_ are: 


' 


Analysis to the “existence of. periodicities ; and (2) construction 

of a curve giving the frequency of floods of different heights. 
ee. The old records of the Roda gauge given by various authors w were peel 


by ‘Mr. J. Craig, of the. Egyptian Ministry of Finanee, and converted 
metric | scale, and it is this collection, with certain minor changes, t that 


ysical Department, Egypt, or communicated by the 


Periodic analyses h have been made by the late Professor H. H. . Turner™, and 
Mes J. Craig, and EP. Brooks® periods varying, from 2 to 
yr have been found. becind of f greatest’ so fan is is one found 


ma Sand: 46 em (18 in.) for thet minima, nod 


The analysis by Mr. Broo ks does not period of 76.8 yr, 


ad ten he finds a number ¢ of periods of average amplitudes of the order of 10 cm a 
ae (4 in.). His best defined periodicity i is the one of 76, 8 yr, with ¢ a mean peel 


ude of 17 em (68 in.). The average standard deviation of, the flood levels 
‘is 56 em (22 in. .); this ; makes apparent’ ‘the relative smallness : of. any periodic a 


_ “Nilometers”. by Col. J. C. Ardagh, Proceedings, Royal Geographical. Soc.. Vo 

+ “On a Long Period (240 Years) in Chinese Earthquake Records”, 
‘Turner. Monthly Notices, Royal Astronomical Soe., May, 1919; Vol. LXXIX. 
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, which although of theoretical interest, are of f no use to the forecaster. 


nf a glance at the records when plotted « on a . fairly large scale shows ‘thet there 2 
js no period which is directly evident to the eye, and that the principal features aca 
are the existence | of fairly long terms of years when, on the whole, the floods” Oe 

have been high | and others when floods” have been low. This fact is well ee 
illustrated 1 by the Aswan gauge records for the period, 1869-1933. By « dividing eS 
into two parts, 1869-1898 and 1899-1933, an 


In In 

meters | feet meters 


Maximum gauge of highest floo .15 | 308.9 93.5 306.1. 
- Maximum gauge reading of lowest fiood 300.9 90. 295.6 
Mean flood maximum for the period 306.0 | | 92.36 303. 


Number of years with maxima greater than 93.30 m 
Number of years with maxima less tl than 91.40 m.... 


regularity 3 in occurrence of thane high has discovered 


so far; nor are floods uniformly high i ina high term or low i in a 
A frequency curve was constructed by the writer from all available ble Rod 


‘gauge 1 maxima. ‘This was used to estimate the frequency of occurrence 


dings 


ge R 


Percentage Frequency for Half-Meter 
Intervals of Gau 


—3.25 —2.75 —2.25 —1.75 —1.25 —0.75 


4.—Freoqvency Curve, MaxIMUM READINGS, Ropa 


n Fig. 4 the effect: of and discon ntinuities has: 
eliminated - to some extent. The ordinates give the. ‘percentage of. cases in 


“Nile Control”, by Sir M. MacDonald, Cairo, G vt. Press, 1921. 
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MEANS ON FLOOD- STAG AG RECORDS. THE RIV ER NIL Diseussions 


* which: the pore falls w ithin the half- meter indicated by the abscissa and, 


therefore, an ordinate is a measure of the probability of o occurrence. | The 
plotted points are derived from observations from 640 to 1451 A. D., together 


with observations from 1737 to 1917 A. making a total of 961 


closely 


curve to s how that systematic of ‘the records of 


floods did not oceur to. any great extent, and that perturbing effects act 


In the paragraph Table 1 of the ‘paper there seems to be a 


conception of the effect. of the Delta Barrage b below Cairo. function of of 
structure is purely to raise the river level | so. that the three main canals 


taking» off at the Barrage | can be fed at all times of the year. The storage — 


"behind the ‘Barrage i is therefore, so is its effect in lowering 


m flow. In r eferring to storage 
“and release of water in reservoirs however, 
regard to Lake Moeris and the Fayum Basin and the results have. been pub- 


lished.” A few references to old. records | of the Nile are: (1) “Nile Gauge at 
Roda”, by Mohammed Kasim® (2) “The Jilometer at Cairo”, by Dr. Reiss”; 
and (3) sundry ‘items: of correspondence on nilometers.” 
H. Am. Soc. C. E. (by letter “*__Attention is drawn, 


this paper, to the long record of the Nile. Many references have 
- made to such records and there have been a number of summaries and brief 


discussions of the data, but t the records themselves have not been available to 
many engineers in Americ a. M Mr. J arvis has ctor anh in pictorial form me 


some of the omissions in the Roda record, ‘and in his explanation of the con- | 


ditions under which the | records wi were collected the reasons for 


of the errors that may be included. 


"These records are of great importance because, aside from tree rings, 
they are the longest known « continuous record of any kind of information that 


hea: weer 


ears upon the changes in river ‘flow or variations in climate. Briefly, they 
show the ‘yearly high and low level of the Nile for 1300 yr—information of 


great interest to hydraulic engineers the world over. The gauge which 


“The st Fayum’”’, by G. Caton Thompson and E. W. Gardner, The Royal 
ogical, Inst., 1 34 Bee, also, the review of this book in the Geographical 


We re 


30 “phe Nilometer at Cairo”, by Dr. Reiss, Zeitschrift. fiir 
439-445 (Konrad Wittwer, Stuttgart). 


Correspondence on Nilometers, Proceedi g8, yal Geograph 


Cons, Engr., San Francisco, Calif. 
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‘ 


which records have been the more than thirteen 
speak eloquently of, the importance of the level of the Nile to to. the people - 
Egypt. nation has been so dependent ‘upon one source 0 of water and in 
no other place in the world is there 80. much ‘interesting material for or profit- 
able study by the engineer. bide Nase 
Be we The recent series of dry and hot summers in many parts of the United — 


States has attracted more than usual attention to: matters | of weather. 


below the average—below the normal. The question is, “Do we know what 
normal this dry period normal or were the earlier years of relatively 
high precipitation more nearly normal? News items have told of railroads 


hauling drinking water for stock in Valley. Cities and towns in the 


Sind 

= Mississippi Valley h have placed restrictions on the use of water, and thousands | oa 2 

fertile acres are e suffering from lack of rain. An “unprecedented drought” 

_ is the explanation. — Such disasters occurred not only in 1934, but for several a 


preceding years. Are they “ unprecedented”? ‘they, likely to occur 


again hi The climate i is changing, ‘say some. ont. 


; belief that the climate is changing has been adopted as probable by 
are _ many people and sensational broadcasts have told. of the necessity of abandon- 


ing large areas of the great plains. — The people are told that they have over- -@ 


developed their water resources and must now take a backward step, -consoli- 
memory 
deep snows ws of the past generation, ‘the from ‘floods, or greater floods, pres 
the: “big freeze”, , or the “big wind” are phenomena which, to human recollec- 4 
tion, , no longer occur. Examinations of records of weather, , when they are 
available, seldom : support these beliefs. Actual records” seldom show any pro- 


change within historic times. ‘Long- term records, such as these 


be 


* Nile, enable the student to’ carry, facts s a little further back, to compare ee 


When one reads of abandoned cities in now desert places, or sees wave- cut 


reduced in. ‘size; ; when abandoned trails. of 
proof of changed climate, one wonders, if such changes are going on to day. ho ; 
There are no weather records i in America of any high degree of accuracy 


A OF 
extending ov over 200 y yr; in Europe, of not m more than 400 yr; which is. very 


‘short time when compared the 4000 or 000 yr in which Man has 
gathered some historical facts, and insignificantly small chien with 
length f the “Most recent geological period. Estimating the length of 
 Beological time in years is by no means accurate, but from all the evidence 


available: that the time the is from 25 
“order of 


— 
pugh to visit Egypt. The substantial character of the structure and of the __ i - 
‘ 
— 
ake 2 
| 
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ON FLOOD-STAGE RECORDS OF THE RIVER N NILE Divi 
one- fifth of ‘the historical period; or one-five- hundredths 


SS recent geologic period. 2 If the rainfall in the eastern part of the United States a 


_ was reduced one- -half i in quantity since the last glacial epoch the rate of ‘redue- 


would be about 0.1. in. ‘per ¢ sntury. There is ‘no way of ascertaining» 
ith certainty any such small average change in ‘rainfall. So far local 


smail nan in ntal 


records alone show, this country may be in an increasing or decreasing eycle— 
no 


knows which. The records of the Nile, therefore, are of great 


7 interest in extending the period of ‘observation. — Perhaps if it were 4000 or 
000 yr long, the trend could be predic ected. ody yd gids 


ae height of the Nile at flood time, in La general way, » is dependent ‘apon 


‘lie in the Abyssinian highlands; the low flow depends on rains in Central <a 
‘Africa which reach stream ‘through: the White Nile. ar 
e 


is the | influence, and in a long 
as this, its effects: must, have over- “shadowed all other 
7 The Nile is an unusual stream. It flows out of a tropical region including fal. 
its water- “shed semi- i-arid, and desert areas of great size. T ‘he total area 
of miles, or nearly one-half the 
area ihe nited States. Its yearly flow i in volume ‘approximates 75 000 000 


acre- “tt, or about as streams in in California ‘combined, or one-half 


is ata minimum in May vis it begins to rise from rains in E thiopia; est < 
Atbara, then the Blue Nile. rise in flood. The flood increases, reaching 


a maximum in ‘September or October to fall as the E thiopian summer rains 
diminish. The ‘White N Vi le maintains the flow during the winter until 


from the Blue Nile, one- from the WwW hite Nile, 


In manner the Nile has been rising, and falling ye 


"mystery explained only by the Then, 


nearly the entire irrigated area in E gypt was flooded in hasins;\under chore or 


s the river rose. In years” of very high floods” the control w: 


ineffective, fe disaste er and famine: followed ; in years of low flood, the supply 


came inadequa’ reports | accom: 


_panying the published: in the Memoirs of the Institute of Egypt give 


the harrowing story of these periods. On the whole, however, the rise and a . 
of the stream were so regular and dependable that Egypt became one of 


the richest co countries in the world and was the ‘storehouse of food f rom a 


which neighboring countries were supplied in time of drought and famine. 


~ ese “It was the custom | ‘of the rulers to announce each year the time when the a 
reached the proper’ level for the dikes to be. opened: and the basins 


| was the occasion of rejoicing and feasting, the: impor- a 


year, for on it. depended the prosperity of the country 
and the amount of taxes which could be collected. 


records of flood level—presimably ‘the highest level ‘on ‘the {Roda 
low-water s “stage at’ the then came one” wi 
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The | Roda was in its present location as early as the Seventh 
although there is Yeason to to believe th that earlier gauges existed either 
_ here, or at Memphis, a fen zailee 9 up stream. T he ga gauge was built i in a temple, 
and of the « duty 


6 


Ts 
(622 to 721 A.D. etc. 


flow may be computed but, in a stream like the Nile which goes through + a 


egular cycle, such figures very significant and should indicate any 


progressiv change that may be taking place. geal 
Little’ information is available concerning changes in the size of the 


channel, but such as there is indicates that there has been no notable varia-— 


tion in the width of the waterway. From Aswan to the head of the Delta near 


Cairo the stream seems to have | occupied much the same channel since the 


gyptians began. to and ‘cities and The location 
prominent objects and h 


‘Be — 
— 
d ven in Fig. 5. This 
summary of the thirteen centuries of recor is given, 
| 
—| 
‘a 
| 
+— Hig ow Water —— 
Deri 
be 
|= 
: in Mr. Jarvis’ charts. This record of two readings of river level—the pighest va 2 


ANS ON FLOOD-S 
levels at Cairo might have been effected by. changes i in the 


area in Upper Egypt, but so far as is known from ‘historical records 


2 there was no important change i in either area or method of irrigation in the 


thirteen centuries, until 1833, when Mehemet Ali began the ‘construction of 


xb barrages at the head of the two branches of the Nile.a few miles below Cairo. 
This structure effected the levee at Roda by back-water. Prior to 1833, the 
stream flowed past Cairo substantially a as it has done for many centuries. Inb 
ancient times Lake Moeris, one of the “seven wonders - of the world”, may 

effected the levels. This ‘lake, which occupied what is now known 


oe the > Fayum Basin, a depression i in n the Lybian plateau west of the Nile Valley, a 


oe “fod protection ‘and water supply to the valley below. . Iti is s believed that this 


4 the period for which the Roda records are available. 


ee the The silt deposited by the Nile has been building u up the evel of a a 
: ‘since the dawn of history: This. effect i is very noticeable throughout | the 
of the valley. The earliest scientific study of this, of Napoleon to there is 


to 19 em (4 to 48 in.) of soil w were per per century. More exhinitive 
ay research, with other approximate information considered, confirmed this 


figure and, to- day, it is generally accepted that the mean rise is about 13 ond 


gauge ‘heights at Roda, for ‘thirteen centuries show tin 
rise, both in high water and_ low water, disregarding the period ‘since 


This fact is very ‘significant and indicates that there has: been only 
one change in conditions and that corresponds to the rise from silt deposition. 


ages in which historical been preserved the 


and 


‘country has been changed; all of which is in agreement with what one would 


The entire Nile Valley, from the first Cataract at Aswan to the Mediter- 
ranean, is formed of | sediment. - ¢ ‘The river encounters: no rock after leaving — 
the granite at Aswan. _ The slope of ‘the water surface : as far as Cairo Ee 


a remarkably. uniform both: at low flow and in flood ; it is about 1 on 13 000, or 
a little less than a in, ‘per mile. The cross-section of the stream bed is sie 8 


very ‘uniform, inereasing slightly down stream. On the whole, the result 


been constructed to ‘control overflow, and the entire character | 


of its own deposition. As the valley level rose through deposition, the ‘stream — 


has maintained its channel i in , width, and ‘slope. i 


believe that has change in volume of flow. 
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LEY ON FLOOD- “ST AGE RECORDS OF THE RIVER NILE “KS 


a 


ote 


(1) There has been a fairly constant rise in levels, ibid may be e attributed a 
to the sediment building up the valley lands and the | river bed at the same 
rate. Disregarding the last century” of records which since 1833 has been 


effected to some extent by work on the barrage at the head of the Delta) 
ed there has been an average in flood sone of about idem, or 53 i 
in the 1 200 yr. : 


— 


(2) The mean flood, taken a s the average of high flood and 
increased at about the same rate. 


“uncertain. This m in Jew by the regulating effect on 
low flow by diversions, or by the dams from’ vegetation in the Sudd | or swamp 


am (4) The mean of all records, averaging mean flood and mean low water, 


has changed about as ‘the mean flood level, an increase of about 54 in. per 
century. The j 


five ‘centuries. 
fv 


(5) The “mean range ‘showed little change or nine el 
increased about a meter for three centuries, but on the whole, it ‘changed little 


in ‘the: 1300 yr. - This seems to indicate little change i in the r 
Saher river as a whole | and points to a comparatively uniform nae 


that period. 


ir OD, There is nothing in this 1 300-y yr record that shows si 


Bearpstey,” M. Am. Soc. C. E. “(by letter). —Based on extensive 

records, this paper is complicated by the need of changing neonl and the — 

interpretation ‘of various” languages. 

“1865 that “no river in the world lends itself to on 80 


“majestic a scale as the Nile.” The Nile is Egypt. _ British engineers have 
atts 


Si estimated that it built up the Delta at the rate of | about 6 cm p 


(see Fig. 6 (a)). furnishes ample for fertile lands in a region prac- 


tically Tainless. 4 In 1908, Sir William Wi Ieocks, referring to the old basin 


ste It will be an evil day for Egypt if she forgets. that, though basin: i irriga- 
on with its harvest of corn has given way to perennial irrigation with its ag 
cotton fields, the lessons which basin irrigation has taught for 7000 years can 
be unlearned with impunity. The rich muddy water of the Nile flood has ae 
been the mainstay of ‘Egypt for. many generations, and it can no more be 
a dispensed with today than it could be in the past. * * * The basin irrigation 
Of the : ancient Egyptians may well be likened to the path of the eagle in its 
boldest flight, while the perennial irrigation of our dug finds its true simile ek 


__ Exclusive. of 1 Fayum and a few square thilés of irrigable patches along the | 


Nile between Aswan and Cairo, the productive area of Egypt is an equilateral ms 


—— 
These records from the Roda gauge indicate the following conclusions: 
a 
a 
— 
— 
U1 Water Nas meed at a smaller 
— 
— 
a 
progressive 
: 
— 
— 
— 
: 
** Received by the Secretary November 16,1985. 


N FLOOD-STA AGE RECORDS OF THE RIVER ‘NILE Discussions 


sides about 240 km (see Fig. 6 (b)) long and with its apex at 


Cairo, one- “fifth: of the area of York 


Scale in Thousands of Miles 
Seale in Thousands of Cubic Meters 


e Nile at Khartoum, 3 036 km the sea. The ‘Athata' 


os the die set 320 km | _below K Khartoum, and cas two tributaries are the 


only ‘between Khartoum and the Mediterranean Sea—a solitary course 


£2 768 km to the sea. 


The bon drainage area of the Nile i is shod 2 867 600 sq km (501. 000 re 
s), of 1 which the White Nile ‘drains about 60%, the Blue Nile the 
-Atbara about 10% each, and these last t two rivers bring down the floods of: 


muddy waters during August and September; ; otherwise, their ‘discharge 
nominal, A table of monthly discharges prepared by Mr. E. M Dawson® 


the years 1890 to, and including, 1908, the discharges being taken 
south of Aswan. . The mean low flow for May, 
month, was 800 cu m (see Fig. 6 (c)) per sec, ranging from 540 cu m in 1907, 
1410 cu m in 1894. The high stage of September, the highest month, 


| the lowest | 


An inspection of Fig. 1, covering maximum ‘and minimum stages for 1 


indicates eycles between 30 and 10 


yr, ‘or multiples thereof. Sach an opinion needs verification based ‘on original 
records. An expression of opinion by Mr. Jarvis. regarding such. 


TS oft har 


Viti 


would be of. considerable interest. ads 
The v writer’ “notes are based on investigations made during the spring 
1909, when the height of the Aswan Dam ee 5 m. At that 


a Photograph was taken of the nilometer_ Roda _Island, Ce Cairo 


is in a 16 ft. square. is paid that 
hen waters. flooded the capital, benefits. were a | maximum ‘and so were taxes. 


When flood waters did a reach the ornamental capital, or when they cov- 


— 
out 5 600 of 
h its papyrus, its est 
s ot the Sudd wit Tl 
long stretches of | the Nilo o+¢ 
— 
—. 
no 
— 
La 
— 
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— 
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— 
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it entirely, t 


normal crops. were harmful and taxes 


“of the gauge column is n now (2985) 
estimated to be from 18 to 20 in, 


gloomy well in a 


garden, covered ‘with | crude” roof 


galvanized i iron supported by four 


posts, with | its narrow steps grow- 


| 


- 


epth, was specially inviting, 


agricultural conditions were per- 


Higher floods” caused damage 
nd lower floods were deficient. 


the stages: above or below “the | 


apital, and “if such stages were 


excessive, no taxes were levied. 
‘maximum tax was: due the 

flood- -stage was on the ‘capital, Fre. Nitomerer on Rova ISLAND, 

7 
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READINGS aT ASWAN ‘han. 1869-1909. 
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_ Pasi, the 
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ii 
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om 

Sent Oct Noy Dec | 

fellow Fviver Or Unina has as many features in common with 

river in the world. It flows through a fertile delta built 
“Pub. by the Survey Dept., Cairo, Egypt, March, 1909. 


It flows a ‘a 


scant precipitation insufficient for sprouting spring plantings, and the dense 


population is dependent upon ‘irrigation. Tits tributaries small and few 


throughout its 900- -mile course through its deltaic area from its ‘western 
“i mountain barriers. to the sea. It also has long-time records of floods, which 


are complicated, - however, by the occasional destruction of controlling dikes. 
- Its seasonal floods lack the regularity i in time and sie Make of the Nile floods. 


rae In contrast with the Nile, which flows ‘north and is entirely free from ice, 


the Yellow. ‘River flows some regions of cold 


B. (by letter)“ — —These ‘records constitute 


river ‘that have been ‘published, 
the thanks of the profession for presenting 


ested i in the rate at which the Lower Valley 


‘a the Nile been raised by sedimentation | as disclosed by these records, 


‘He i is also curious to know whether any bu variations are in evidence. — 


a 


q 


Dam - 1902 
~) 
=< 


~ 


Aswan 


iat ae + 


HEIGHTS OF River aT Carmo, 3 

Upon request, Mr. J arvis kindly supplied prints ‘of ‘the deta in 
Fig. + From these the average gauge height for each decade was read and 


Progressive 5-decade averages were then computed. The results 


| 

me 

| 
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_ STEVENS ON FLOOD-STAGE RECORDS OF THE RIVER NILE Discussions 

up during past centuries by its load of silt. 

—— 

— 

— he 

— 

mi 

— 

— de 

7 

some of the most interesting lor be 

— 4 and the author certainly deserve is: 

— & 

— 4 — 

— 

— 

— 

— 

— 

‘Engr. (Stevens & Koon), Portland, 


is an average of the preceding “The upward slope of the 


| Aerie ‘may be taken to be an index of the rate at which the e Lower Valley 


of t] the Nile is being raised by sedimentation. Neglecting the increased ‘stages $3 


a 4 caused by the construction of the Rosetta Barrage and Aswan Dam the 


sverage rate of rise is practically 4 in. per century for both the maximum Sars 


minimum stages 


The highs and lows are in the minimum stages 


demonstrated by progressive 5- decade line. No periodi cycle is 


evidence, but high cycles alternate with low ceycles of irregular duration. sis 


5000 y yr, there appears to have been little or no climatic: ‘changes that on 
be detected. In other words, it appears that the regimen of the — at wall 


is very much a as it was about 5000 yr ago. Di » hag 


dine, tm 
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DISCUSSIONS 


"DISTRIBUTION STRESSES. ‘UNDER 


oo MEssrs. JACOB FELD, GEORGE PAASWELL, AND G. S. SALTER © 


Ja Tacos M. Am. . Soc. C. E. (by letter).*“*— —The subject touched by 


4s 


ening a known load, either as a int as a 
of known variation: ; (a) What is the distribution of ‘stress at the base of 
the foundation u unit or footing @ (b) what i is the» variation in the distribution — 
changes in the assumed relitive and also absolute (for end conditions: or 
cases) stiffness of the » footing and of ‘the supporting soil? and (c) what is 


the variation it in the increases in the loading, for a given 


loading causes a change of the soil, ‘oF of the from elastic to ‘plastic 


(2) For a given load footing of given of stress 
at the base » having been determined: : (a) What is the distribution of pressures 4 


the soil? and, (b) what « changes i in | distribution occur with 


all Il the foregoing problems, it must he: remembered that t e 
of stresses from various loads ca can only be made a as long as the total does 3 
exceed the elastic limit. 


(lack ¢ of tension i in sands), occurs, , the problem changes. 
author has” noted clearly that his paper one ot 
‘general problem, namely, what is the distribution of stresses along the vertical 4 
axis of the soil supporting a circular load for: : (a) uv niform; and (b) parabolic 
ee \Gistributions of stress at the base of the ‘niin footing? He shows definitely § 


~ August, 1935 Proceedings. Discussion on this paper has appeared in Proceedings as fol 
lows: October, 1935, by Messrs. Clement C. Williams, D. P. Krynine, and L. C. Wilcoxen; = 
and November, 1935, by Messrs. Marshall G. Findley, and M. A. Biot. 
November 14, 1935. 


_ Norg.—The paper by A. E. Cummings, Assoc. M. Am. Soc. C. E., was published o 
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x, 


sults which 
with the experimental work with sand, in which all the conditions et 


at 


an opening wedge, the p paper is valuable. Iti is hoped that the author’s 
a warning (see “Summary and Conclusions”) will be heeded: “These formulas ih 
4 can be used only when the practical problem fulfills all the conditions under 


the theoretical formulas are based on the action in isotropic 
A bodies. The definition of the term, , “isotropic”, is s “having the same physical — 
properties in all directions.” This condition call soils except for 


Tr 


very” small loadings. In general, the approximate maximum . load that can be 


considered, is the largest load which will not cause a 


All the tests: enumerated ‘Table 1 are for sand and circular. ‘disks, 


has been made to correlate the effect of the e amount of unit loading 
with the variation or law of distribution in the soil. reteiaton thins. 


the tests by Messrs. R. B. Fehr and OC. R. Thomas* on ‘square and 


rectangular test areas, for sand clay, and loam, a definite change i in 
distribution | was noted with increased lo oadings. ad ised. 


The very high unit stresses found in the area at the center of, and just Bae 54a a 


1 (A. 


below, the circular disk is not serious because i in the actual condition 


af « “indeterminate: structure in which 


then the remainder of the soil ‘body ye The is permit 


without large settlement or flow. forse bolwague eds to 
such as quay walls, on soft ground, give high stress 


: concentrations on a Jong strip of the supporting soil, with consequent settle- 
and flow of the mud or silt and often failure of the wall, it has’ been 


s Mm found most ‘economical to eliminate the soft soil directly beneath the wall and 

14 + replace it with a layer of sand. The entire picture » of stress distribution in 
the soil is then changed not only because the high localized s stress at the base» 
: ig of the wall is taken by the. sand, but also by the formation of a new soil re 


x on this method | of solving the problem i is given by Gen. Carlo Barberis.* ina 

nder “Numerical Example”, the author points out that 
areas of soil are” affected at increasing depths below a loaded footing, 

distribution at any depth i is not t uniform. The assumption of parabolic distri- 
in this example, may apply to sand, but certainly should 


. res the contact zone. . Avery fine description of the methods and large scale tests 


- 


— 


stribution of Vertical Preseure’ by R. 


Recent Examples of Foundations of Works, Such. as Quay- Walls”, ete., by Carlo’ 
_ XVI Internationa] Congress of Navigation, Second Section, Brussels,. 1935, ae 


i 

— 

g 

— # 

by 

| 

on the Distribution of Vertical Pressure in Sand”, by R. B. Fehr and 3 


PAASWELL ON DISTRIBUTION OF STRESSES UNDER A 


‘effect ai the perimeter of the footing. For all soils, the PANES distribution. 
change as soon as a deflection occurs. dow ods pets: 


Pa The true distribution at the bene of a footing i is s such om the sum of: ‘de 


would be a very ‘unusual design which would 
San a computation. - Probably, photo- elastic methods to show the qualitative condi- 


_ tions would be advisable to reduce the number of possible distributions that 


ede }EORGE An. . Soc. (by letter)" F “—It is gratifying to 

Pe note the interest in the development of accurate methods of obtaining pres- 

sure distributions under foundations. The mechanics of foundations is predi- 
- ‘eated upon a correct determination of stress distribution in the underlying 


strata. However, correctness ‘may be defined herein not as a ‘rigorous mathe- 


Se 


distortion by ‘pressure of “the In this sense 
. the “local pertubation effect” ” immediately adjacent to the point of loading i is 
of no significance in the general stress distribution. The problem ‘may be 
_ viewed as analogous to the stress determination in a girder subject to con- 

- centtrated loads, where the effect on ‘the point of application of the load on the 

part of the girder is considered of secondary importance, the general 
jon of moment and stresses: being the primary problem involved. 
“manner of f loading: a foundation and the ‘soil "pressures near ‘its 


author of the of stress 


_ should : not leave a serious doubt i in the reader’ s mind as to the general validity 
ih the Boussinesq equations. 9 These equations, as as given. in the report® of the 

‘Society’ Special Committee on Earths and Foundations, are sufficiently rigor- 
‘lees and consistent t with experiment to permit a scientific prediction of founda- 
tion behavior. Their use in foundation design involves the same | degree of 


4 iit 


ecuracy as: the use of the ordinary Bernoulli formulas for flexure. 


“It is unfortunate that the development of the Boussinesq equations is 
rn Bee buried in the intricate treatises on the mathematical theory of elasticity. | The 


fundamental assumptions of the theory of elasticity a: are that: All dis- 
3 


‘placements are infinitesimal; and (2), Hooke’s law is correct. ‘Liog to. 
_ Boussinesq was fortunate i in ‘discovering an ingenious de device for the 
‘solution of the differential equations for displacement of elastic solids under 


: “a surface load. oA function is found, such” that it its derivatives express” the 


of su rface loading. — By 


Received by the Secretary, November 25, 1935. 9: 
Progress Rept. of the Special Committee on Earths ¢ and Foundations, 
Am. Soc. C. E., May 1933, Dp. AT 
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ata point, the priniaaa are ‘evaluated, and from these the forces are 
4 


found. The force system in horizontal planes ‘Gf the « applied load is vertical 
= and the boundary plane | horizontal) involves no elastic constants. _ ; It 0 _ hap 


pens that the force system on vertical planes contains elastic constants, which 


he usual soils, permits values 1 s that cause th the terms, containing these con- 


oS stants to vanish, so that it may be stated, in general, that the force systems on ae * 


both vertical and horizontal planes do not involve any elastic constants 80 far 


as foundation problems are concerned. Be 


tributions | on the footings | (either actual or assumed), | whereas i in so much of, 


The writer has found that most of the in 
‘ ~ theoretical and experimental, have dealt with uniform or parabolic lead dis 

) 


; 4 the foundation design | encountered i in his work the loading is line distribution 


on semi- flexible footings; ; also, while most of f the literature deals with th 
_ determination | of stresses at some distance below the « contact surface, in many 
cases” (especially on a clay varying medium stiff through the various 
gradations t to hardpan), the problem is to determine | the pressure dis- 
tribution ‘directly. under the footing than the pressure intensities at some 
4 lower depth where t the lay i is more ¢ ‘compact. 
has long been realized that variations Sak: to 


_ different pressure distributions and that those resulting from line es 


te on a semi- i-flexible footing, such as a heavy wall on a -walatively thin slab, give 
high pressures directly 1 under the wall. | 
*] ie Rs The writer has made some investigations in this field and has come to ei 
yg conclusion that the following procedure is a logical method of dealing a 

e particular problem. . Make soil- L-bearing tests to determine settlement for 
different loading values” and then determine, by trial if 
“Pressure distribution values on the contact area between ‘the footing and the 
if “soil s so that the differential settlement resulting from | 
*. ‘ Such line loads give a contact loading distribution somewhat parabolic i in 


character, the variation depending upon the load- ~carrying capacity of the 


‘the soil and to for the worst probable condition. Pressure distribu 


- tions thus found are far : from the uniform pressures commonly assumed, and 


“where footings are somewhat flexible, or when + the soil has high -load- -carrying 
values, a line load. may be over small of 


q rectly: ‘under the load. 
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Re ural Designer, The San. Dist. of Chicago, Chicago, Ill 


ky 


any problems on the behavior of founda- 


om _ it and i is presented i in an endeavor to ‘show, as the author has stated, ‘that, is 
[> we general - rule, it is not § satisfactory to ‘assume that the pressure at the | 


the general problem of stress distribution which exists in ‘the ground 


For 


2 aS under a foundation to which the theory of Boussinesq_ applies, the U Jniversity 

of Illinois has recently published a circular, on simplified. ‘computations of 
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STRUCTURAL | DESIGN| nie 


By MEssrs. ap MENSCH, AND RUSSELL BRINKER_ 


J. Mensou,’ M. Am. Soc. C. E. (by letter).“"—The gradual increase 


scientific of engineering structures has led to an increasing atten: 
ses to details | of theory. _ The normal action, or x what may be ‘more correctly 


termed the idealized Rese: slg of structures as described and taught a 
ing textbooks occurs rarely, a1 

participation stresses that becloud A issues in n actual ‘practice. 


To. 


Fig. 
Uniform Beam, Simply Supported on Brick Walls 2 


odt Said ah aw tin 


Y 
Wil Our Uniform Beam, ‘Ended | in Brick 
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j 
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Mustration: of ‘this point is afforded by tests Dr. By 
ona number of — for the Austrian Concrete Commi ttee 


__Nore.—The paper by Hardy Cross, M. Am. Soc. C. E., was published in October. Pe 
1935, Proceedings. This discussion is printed in Proceedings in order that the views 
apressed may be brought before all members for further discussion. 
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STRUCTURAL DESIGN «Discussions. 


about 18 fi ft, all had the same cross-section of by i in., peer the same rein-— 
forcement, ‘except beams had brackets. at “the ends, as shown. 
Girders | (c) failed at 7 15% more load than Girders (a), although according 
the normal al action as defined by textbooks the ultimate strength | ‘should 


have been the same. failed at 250% “more load. than Girders (a); 


iets and Girders (d) failed at 575% more load than Girders | (a). The Participation 
stress 8 as class ified by Profeanot Cross were of a favorable nature in this. case. 


similar effect was observed” by the writer in 1934 when having tests 
made on dowels connecting concrete blocks, shown in Fig. The stresses 


n the dowels at ane load, when computed by the formula, s = =- 


from 150 000 to “more e than 20 200 000 lb per sq in. As the re-rolled & “steel 


proba bly of less strength than 100000 Ib - per sq in., ‘the effect of the friction — 
at the supports was to increase the strength of the dowels 100 per cent. . Both 


favorable and ‘unfavorable participation and deformation stresses found 


in concrete pavements, due to friction on the ‘subgrade. Friction causes the 


concrete to crack when the pavement shortens, due to temperature and mois- 


ture variation, but when a concentrated lo ad deforms t he under ‘side of ‘the | 


‘slab, the friction causes a moment of opposite direction to the ‘moment of 


A very thorough investigation of a similar nature may ‘be found in the 
eport of the French Committee on Reinforced Concrete” The Committee — 

_ tested to destruction, a reinforced concrete floor of the Science and Art Build 
ng of the Paris Exhibition of 1900. As shown in Fig. 3, the girders 


os Bes. of 23-ft sp span, , placed 10 ‘ft on centers; ; they r were connected by § small beams of 


6 by 8-in. stems, and covered by a 4i -in. slab. _ Concentrated loads of from 


10000 to 42000 lb were pulled on a “small truck in the center line of the 
building, and the deformation and deflection of one girder were observed 


when the concentrated load was at various distances from oye 


axis of the girder under observation. _ At a distance of the concentrated load 
from the girder of 30 ft, 20 ft, and 10 ft, the deflection of the girder was 


1%, 10%, and 47% of the ‘deflection o observed when the concentrated load 
was exactly over the girder, and the Committee concluded from its “many 


pd e observations that the stresses produced i in ‘the last case were 50% of those of a 
single girder, disconnected from the adjoining girders, 


One can readily infer fh from these examples that secondary § stresses often 
help the structures to carry higher loads, and so-called inventors have often 
misled the public by taking advantage of this fact. phous 


The writer cannot agree with Professor Cross that the post and lintel 
"structure isa statically determinate system. The lintel will bend under load 
throw the upper inside ec edges of the posts into- heavy compression, 


thus producing an eccentricity. of the load én’ the posts for nearly one-half 
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produce ‘at the an inclination to the rotation: of the lintel at the 
ends and thereby offer an even bearing | to the vitor The analysis of such a 
system has been given by the writer elsewhere” 


All properly designed bents with either or stiff columns m may 


a as good engineering : if they can be defended on architectural or 


economical grounds. One may consider all deformation and participation 


= stresses, the deflections of the girders and columns, the flow of concrete due 


a dead weight, the flow of co concrete due ‘to the interaction of concrete and 


steel during shrinkage, temperature effects, active and passive earth pressure, 


Jasting and free from serious blemish, there i is still lacking a very mportant — 
23 point to the nner, and this is practical experience and critical observation 
existing, similar'structures. eoldat to gor 
In ordinary ry reinforced building ‘construction engineers are accustomed 
to design the highly indeterminate girders and slabs by the bending m moment ae 


formulas: M = — ;M= M =—., as given by the 


! fe and possible movements of the abutments. Nevertheless, to make a structure 


Joint Committee on Standard § ecifications for Concrete ~aind | Reinforced 


Concrete”. This Joint Committee did “not give any rules for  determin-— 


ing ‘the bending ‘moment on inside columns, and, engi- 


neers believe that it is” good practice omit them from considera- 


a tion. Exponents. of ‘scientific, analysis of indeterminate structures may object 


to such formulas, violating as they do every of continuity and compati- 
i bility. They 1 may object, furthermore, on the ground that such formulas do 


would be different for dead load and for live load ‘and would depend | on the af 

relative stiffness ss of the adjoining members. It i is a fact, however, that only 
* in rare cases (especially when there are very large differences 0 ‘of f spans in 
a the ad djoining members) will a so-called exact analysis s make : a great change 


a in the moments at the supports and the moments in the center of the girders ie 


will be found considerably smaller than those given by the Joint Committee. ia 
No great harm is done when the girders” are made stronger than necessary 


in ‘the central section n and the adoption these formulas has ‘saved, hundreds “he 


é . not seem to be based on logical reasoning ; if they were logical, the coefficients a 


: 


| 


formula; is to the credit of F. ‘and dates from 1894. Structural 


steel engineers did not have such a leader and they are not in the habit of — 
reducing ‘the bending moment in girders of skeleton buildings from. the 


moment of a a freely supported girder. ed) vam 
es Unless similar ‘simple formulas 2 are ‘offered to engineers for the design 


‘bents, rigid frame, e, and continuous bridges, « old. and. new types of arched 


bridges, and single and -multiple- ~arched “dents. for roof. constructions, . the 


writer is convinced that no truly great progress will be made in this field 


Transactions, , Am. Soc. Cc. B., Vol. LXXXIII (1919-20), p. 1682. 


Am. Soc, Cc. B October, 1924, Papers” and Discusstons, (1153. 
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+ 
. The writer has seen ‘designs of that nature 


formulas have appeared in n Europe and represent the labors 
"many conscientious workers, but they need much elaboration before American 
__ engineers will have sufficient confidence to use them often. The fact that only uni- 
form sections are used ; for the various members works against their use for or long | = 
“spans; deflections are not given; proper details and examples are Presented 
_ only sparingly and theoretical spans instead of clear spans are used in order 
to facilitate the computations. The work of A. Strassner, published more 


than marks a great progress as it ‘shows how to deal with 


a tion of tables of other coefficients ; the latter may contain olen errors” 


aa Such a handbook as the writer has in mind cannot be 1 written bya single 
expert or a college professor and his most capable assistants, but must 
the work of a great many experts” and their associates, and each problem 
‘must ist be investigated by at least four m independently, i in | 
of two. | There i is no ¢ question but that the solution of statically indeterminate Pe 
structures ires much tedious. work. of The most skillful mathematician 


likely tor errors, but, two men together can save time 


and the mechanical solution by apparatus such as those of Professor 
Gottschalk, Nubupest, and others. "The mathematical theory of elasticity 
states neither more nor less than’ that: Every particle of the interior of a 4 
body 1 must be i in equilibrium ; every pa particle surface 
in i 
course, the ‘entire body mu must 
of ‘the and “other forces such as "surface 


UB to the strict 


One often: is to the parallel to the 
Y and Z- axes and to confine the” investigation to the stresses parallel to 
X- -axis, which may “assumed to Min’ -the longitudinal direction 
of the member. Another simplification which is often necessary is to investi- 


ates the « stresses or conditions of equilibrium at ; only one or two sections of 
a the member, and to hope and believe that nothing of a dangerous nature will 

happen in other ‘sections or directions which are not investigated according — 
to the rules of elasticity. A good. example i is -Clapeyron’ theory of continuous 


_ girders. Clapeyron established the conditions| of equilibrium at sections over 
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Making the stresses paraiiel to the direction o e girde 


ross” 


which error the result by 20% i 
In the traditional treatment of 4 fixed arch, the conditions of statical 
nd elastic equilibrium | are generally ‘applied to only « one section, and most = 


ae easily to one abutment, The arch is considered a as a cantilever fixed at the 


a distance, v; and it is to rotate an angle, The 

_ problem is find the horizontal force, H, the vertical force, V, and the moment, 
Mo that would cause the deflections, h and v, and the rotation, b, to vanish. aa 
In order to find H, V, and Ma, the cantilever i is treated as a common girder 
and the horizontal and “vertical | deflections and the rotation of the free end 
abutment are computed for the loads and the unknown: forces, H, V, and — 


‘Then, the so-ealled elastic ic equations are formed by: Equating the sum of all 


Sour 


a horizontal deflections to zero ; equating the sum of all vertical deflections to 


aero; and equating the sum of all rotations of the end to | zero. THA, 


vot many careful tests hi have been made to establish how correct the designer i 
is when he uses the formulas for the deflection and rotation of a straight — 


of uniform section for the computation of the deflections and rotations 


of ‘girders of curvilinear form with markedly varying section, knees- -braces, , 
or other irregularities. — In extreme cases the error is probably of the order of © 
25 per cent. The identical equations can be obtained | by the. theory of least ae 


work, by the principle of virtual velocities, or by “Maxwell’s « equations. 


itter are simply rules for obtaining deflections: and rotations; intrinsically 
they are not more scientific than the foregoing procedure and do not imply an ‘ a 


_ There are many methods" of obtaining the deflections: By : arithmetical 


summation, by integration, by “the moment- area method, the ‘slope-deflec- 


n method, , and the shear-area method, to > name only a few. 
methods are new theories of elasticity as some "writers would 


ike to. have them. . called, of more or cumbersome methods — 
of finding. deflections, 1 New methods are re-ix -invented by every. new 
generation of engineers in the ‘search for finding the “nearly 
Impossible—a simple method of computing ‘deflections, 


minate structures would be used more often. and more. ‘scientifically and 


would be much better ‘understood if only one method had been taught i in the 
last seventy years, if tk that method had thoroughly elaborated. 
_ The many methods described ‘recently in literature are ‘only a confusion to 


Inon order to shorten the analysis of typical structures, engineers have com-— 


a the deflection and rotation of certain points on these structures for unit 
- loads placed at various positions and have presented | the results of their Yale 
3 in the form of diagrams and tables, “which are not yet ‘simple “enough to be 
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BRINKER ¢ on RELATION OF ANALYSIS: TO STRUCTURAL DESIGN 


In the case case highly indeterminate systems with. hybrid action, as 


rmed by Professor Cross, _such as trusses with double ‘diagonals, skeleton 
rder and column constructions, and series of curved roof bents, the designer 


deviate still further from the teachings of the theory of elasticity 


before he can find a way to analyze the structure. He must make new guesses 
ssumptions, and one of the oldest and best is that of Saint-Venant, who 
assumed that the local disturbance caused by a load at a particular point 


or member) | dies out at a short distance from the point of application. = This 


guess, rule, or principle (some even call it a theory), when applied to a girder 
of a skeleton building, can be expressed as follows: Consider the girder to be 


nalyzed as connected only to the adjoining spans and columns, the next 


adjoining spans and stories being considered as having no. ‘influence on the 


oF 


girder. The far ends of the adjoining girders and columns may be considered — 
ixed or rotated at an angle suitable to ‘the case. The surprisingly simple 


“results were given by the writer many years ago.” 


ite The ‘mathematical difficulties imposed by the exact theory of elasticity 
(and very often by its” simplified form) being insuperable, the analysis of 


ost indeterminate structures the realm of science and 


‘ ay). 

of ‘the ‘student. A conceived handbook would ‘elevate the art, which 


vd 
fication of the types of structural | action and the stresses” producing the 
= ae ‘different types i is ‘presented in this paper. _ Further emphasis might easily be 


‘ glkcol upon the question of when ‘secondary stresses may or may not be lightly 


an 


eglected. “dishing out” of floor-beam webs and the cracking of 
-stringer-connection angles on some old railway bridges” give evidence 


> 


secondary stress effects neglected in their ‘designs, 


of safety, or more often the of ignorance’ , sllowed 


2, 


in ‘the spread ‘between the specification stresses and the elastic init in steel 
‘bridge design to cover secondary § stress and other effects could be ‘put on a 


more rational basis if the secondary stresses were given greater consideration. — 
Members having low percentages of secondary stresses compared to ‘their pri- 
‘maries, are heavily penalized by giving them the same basic allowable unit stress — 
as those members having high | percentages. The fact that the secondary 
- stresses have little effect on the ultimate strength of members does not mean — 
that they should be allowed to produce greatly unbalanced total stresses below 8 
‘the ‘elastic limit because this is ‘the range of usefulness of most | structural — - 
members. Truly more data on - the question of when—or how—to discount ; 


“Mach ‘refinement it in analysis has been made in the decade, 1925-1986, but 


ceded sin speciation covering unit stresses appear to have 
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| It is analysis is @ireotly tied 1 up 
design oo as is the question of details (which is also somewhat behind i in ee 
In 1923 there was considerable discussion as to 4 


will also revive interest in te “it 
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0. J ‘arvis,* M. Am. Soc. C. E. (by letter) .** —On a project that required 
about 260 yr between its: ‘serious inception anc and ‘the first construction work, — 
and another 30 ) yr, or more, before it was opened t to traffic at the outbreak of 
the World War, it is not surprising that many questions and problems require 
serious radical enlargements, revisions of alignment, and 
structural improvements of the Cape Cod Canal are authorized. value 
of this “project: ton navigation, as satisfactorily demonstrated ‘during its first 
few y years of operation, from the standpoint of time and distance saved as 
_ well as hazards avoided, led naturally to its being taken over by the Federal ¥ 
Government. _ To measure up to national standards for maintaining | and : 


promoting commerce by navigation, it was found necessary to > enlarge the 
cross- -section, revise the curvature and some other features: of alignment, 
and to o provide ¢ other 1 measures of. safety for vessels beset by fog and storm 2 

The restricted depth and width the canal as. origin nally constructe d, 
es together with the high velocities occasionally a attained, due to tidal differences 

: - prevaili n Cape Cod and Buzzards Bays, were directly y accountable for colle 

eral mishaps 1 to vessels undertaking to use the new waterway. _ Although the © 

losses were relatively small as compared with the disssters ‘avoided along 


for it seemed to be regarded as among. some official dain, 
the increase of cross- -section | would result in a considerable increase of 
‘to tidal a action. . To others, it was just as evident that there 
nange | of f velocity « due to ‘doubling « or trebling t the 


Nors. —The paper by Capt. E. C. Harwood, U. S. A., was published 


in October, 1935, Proceedings. This discussion is printed in Proceedings, in order that the 
views expressed ‘May be brought before all members for further discussion. xen 
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in ‘synchronism, with decreased differences in surface 
and velocities of flow. _ The apparent proof of this assumption is to be found 


in a consideration of what would be the condition if the two bays W were con 


nected by a ‘very wide and unrestricted channel of great depth. 


ably, their tidal phases would thereafter be i in fairly close agreement. 
Investigations by Earl I. Brown, M. An. Soc. E., and the late 
Franklin: Flynn, Am. Soc. C. E., in connection with th the proposed. 
New Jer ersey ‘Section of the Intracoastal Waterway, to connect the Delaware a 
and Raritan Rivers through a 31-mile land cut, demonstrated that enlarging ee 
the cross-section reduced the velocity of flow. _ The dimensions of the cross- 
sections ‘compared were approximately those of the original and the recently 
authorized enlargement of the Cape Cod Canal, but somewhat greater in each a 
the aforementioned investigations and demonstrations a1 are accepted 
as conclusive, it appears questionable whether the proposed enlargement 
540 by 32 ft will result i in velocities already ¢ experienced in the original cross- 
section, or ‘observed during the process of widening to the present 205-ft 
bottom width. From analogy, it seems to be fairly well assured that the 
wider ih accommodate a ‘sufficiently, greater volume of water inter- 
changed from the two ends « of the canal to reduce the tidal differences aed ae 
the period lag b by measurable considerable amounts, with 
In view w of the. ‘cost estimates published i in Table 6, showing that" ‘the 540. 
32-ft canal section should cost approximately $4300 000 less than a 250 
-ft canal with twin locks, it would be interesting to trace back among 
# the earlier estimates in which the ‘financial advantage was | generally claimed 
for the lock canal. The project, the Engineering Profession, and the Federal 
Service a are all greatly indebted to the Division Engineer of the North Atlantic 


Division, Col. G. ‘Hoffman, Corps” of Engineers, U. S. 


8 to the proper procedure. His plea wa was for progress along lines that have been 
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Buzzards Bays resulted in significant dada: to © prove ‘sufficient 
velocities would be found tolerable and the Tocks 


designated | ations, both before and pony videning during recent 
notable | Progress was the | 


| - 800 ort 4 
ip bottom width, were Carried to great 
wes 
ray, 
atts 
“ton 
| 
© 
tial widening, then the structur , 
; of the OCKS al lt f more ma 
the construction of the as the result o 
favor ® ned with more assurance, as — 
with 
der appropriate headings, special 


JARVIS ON PROPOSED IMPROVEMENT OF op CANAL Discussions 


notice shonld. be use and value automatic 


graphic specially devised the Engineer Office for such _wor ork. 
5. was the writer’s’ privilege, after participating in the ‘preliminary studies, 


to. » observe the apparatus, ‘some of the records, and the methods of developing 


and correlating the data. ‘skill and ere 


Cod Canal, especially at this time, is of great value to the professi 
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